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Implementation and Performance Evaluation of an IPv4/v6 Interconnect System
Using Open Source Software

Tadashi OKADA, Kento ANDO and Kyouhei YAMAMOTO

We implement an IPv4/v6 interconnect system in low specification hardware with open source software

(OSS) as IPv6 network environment spread. The interconnect system is composed by adopting an IPv6-to-IPv4
transport relay translator (TRT), and using OSS such as FreeBSD, Jail, faithd and BIND. The performance of the

system is evaluated by a viewpoint of a mutual packet transformation of IPv4 and IPv6 and a durability when

flash memory is used. About the packet transformation, it is confirmed to operate normally by measuring

packets in the system at a high load. In addition, the system durability that replaced a hard disk with a flash

memory is evaluated by a continuous writing examination.
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Mathematics and Chemistry

Interdisciplinary Joint Research and the Fukui Project IV

Shigeru ARIMOTO, Nobuyuki FUKUDA, Kazuaki HIROKI, Isao MORISHIMA, Tatsuya MURAKAMI

Isao NARUKI, Kyoji SAITO, Shigeru TAKEUCHI
Keith F. TAYLOR, Masaaki YOKOTANI and Peter ZIZLER

This is the fourth part of the series of articles that records and further develops essentials of the Mathematics and
Chemistry Interdisciplinary Symposium 2013 Tsuyama, whose main themes were symmetry, periodicity, and repetition.
The symposium was held on April 5th and 6th in Tsuyama city, Okayama, Japan, in conjunction with the Fukui Project and
was devoted to the memory of the late Professor Kenichi Fukui (1981 Nobel Prize) who initiated the project. The present
series also provides challenging cross-disciplinary problems which are directly related to the Fukui conjecture and to recent
carbon nanotube research. Most of these problems are formulated using mathematical language of unique factorization
domain (UFD) and related notions, which are not well known among chemists despite the importance of these notions in
elucidating additivity and high-speed asymptotic phenomena in molecules having many repeating identical moieties.

Key Words: the Fukui conjecture, Memoir of Prof. K. Fukui, Unique factorization domain (UFD), Carbon nanotube,
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3. Challenging Cross-disciplinary Problems
Related to the Fukui Conjecture and to the
Chemistry of Carbon Nanotubes |

Shigeru Arimoto, Nobuyuki Fukuda, Masaaki Yokotani and
Peter Zizler

In this section, let Z* and R denote respectively the set of
all positive integers and real numbers. In what follows, we
retain the notation given in the “Nanotube Series, parts | ~
111 published in the Journal of Mathematical Chemistry” .
The reader is referred to refs. 15)-23) and references therein
for the science and technology of carbon nanotubes.

Recall that in ref. 3) we formulated the following Problem
Al using Propositions Al and All with Note Al:

Problem Al. Is it possible to prove the following proposition
via the Weierstrass Preparation Theorem or other methods?

Proposition Al. Let £be a fixed positive real number. Let | =
[— & 1+g. Let p € C?(I)[A] be a monic polynomial of
degree q  Z" given by

p= A+ A+ L+ ey 1)
Suppose that for any € < 1, the polynomial
Evo(p) = 27+ ci(2™ + ... + ¢(9) @

over the field R has q real roots. Define the mapping f: | —
R[A] by

f(6) = Evy(p), @)
and let rj (f(&) denote the jth root of f(6) counted with
multiplicity, arranged in the increasing order, where j e
{1, ..., q}. Let pbe a real-analytic function defined on R. Let

E= > co(rj(f[ﬁ

k

))- @

N

N g

1 j=1

Then, there exist real numbers « (@), A(¢) € R such that
Ey=a(@N+ Hg)+o(1) ®)

asN — oo,



Note Al. The following proposition, which is easily
established via Taylor’s theorem, is fundamental in
investigating Proposition Al.

Proposition All. Let | = [0, 1]. Let Cl(l) denote the set of all
continuously differentiable functions (C1 functions) defined
onl.Let g e C*(l).ForeachN e Z", let

E, = Zg[%] ©®)

k=1

Then, there exist real numbers «, £ € R such that
Ey=aN+B+0(1) O]
asN — oo,

We formulate a new problem by changing the underlined
part in the above Proposition Al. Our new challenging
problem is:

Problem BI. Let & be any positive real number and let # be
any real number, and let ¢:,: R — R be a function defined
by @.,(X) = [Xx — 5 Recall the Practical Asymptotic
Linearity Theorem (PALT)™, and check if the following
Proposition Bl is true, and then investigate the asymptotic

speed of E,, .

Proposition BI. Let ¢be a fixed positive real number. Let | =
[— & 1+g. Let p € C?(I)[A] be a monic polynomial of
degree q € Z" given by

p=At+c A+ L+, 8)
Suppose that for any & < |, the polynomial
Evo(p) = 2+ ci(A7 + ... + ¢(0) )

over the field R has q real roots. Define the mapping f: | —
R[] by

f(6) = Evo(p), (10)
and let r; (f(@) denote the jth root of f(6) counted with
multiplicity, arranged in the increasing order, where j e
{1, .., }. Let ¢ = @, where ¢;,is defined in Problem BI.
Let

0 <q<f{ﬁ]>>. (1)
Then, there exist real numbers « (@), A(¢) € R such that
Ey=a(@N+ Ag)+o(1) 12)

asN — oo,

By Theorem 2 in 9), we know that the following Proposition
Bl is true. (We remark that Theorem 2 was derived from the

Taylor Zizler
Asymptotic Linearity Theorem.)
Proposition BII. Let I = [0, 1]. Let AC(l) denote the set of all

absolutely continuously functions defined on I. Let ¢ €
AC(I). Foreach N e Z", let

N k‘
E, = —| 13
N ; g [ I (13)
Then, there exist real numbers «, £ € R such that
Ey=aN+B+0(1) (14)

asN — oo,

Our next challenging problem is:

Problem BII. Let P(l) denote the set of all polynomial
functions with real coefficients defined on I. Is it possible to
prove the above Proposition BIl using the same closure
extension procedure from P to AC as we did in the proof of
the Asymptotic Linearity Theorem?
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This is the fifth part of the series of articles that records and further develops essentials of the Mathematics and

Chemistry Interdisciplinary Symposium 2013 Tsuyama, whose main themes were symmetry, periodicity, and repetition.
The symposium was held on April 5th and 6th in Tsuyama city, Okayama, Japan, in conjunction with the Fukui Project and
was devoted to the memory of the late Professor Kenichi Fukui (1981 Nobel Prize) who initiated the project. The present

series also provides challenging cross-disciplinary problems which are directly related to the Fukui conjecture and to recent

carbon nanotube research. Most of these problems are formulated using mathematical language of unique factorization

domain (UFD) and related notions, which are not well known among chemists despite the importance of these notions in

elucidating additivity and high-speed asymptotic phenomena in molecules having many repeating identical moieties.
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5. Fourier Analysis of NMR Data at
the Saskatchewan Structural Science
Centre (SSSH) in Canada

Shigeru Arimoto

In connection with the Fourier integral representation of
the o term appearing in the Fukui conjecture, the author of
this section (SA) has been interested in Fourier analysis. At
SSSH (nicknamed Church of NMR) in Canada, the author
conducted a computational research of Fourier frequency
analysis of NMR signals and of their visualization and
sonification. This experience helped him a great deal in the
‘Research and Educational Program Linking Science with
Visual-audible Art” in the Fukui Project. The details of this
program and of the accompanying software system
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developed in Canada and called ‘Rosetta’ shall be published
elsewhere.

6. Biomedical Applications of
Single-Chirality-Enriched Semiconducting
Single-Walled Carbon Nanotubes

Tatsuya Murakami

Single-walled carbon nanotubes (SWNTs) are graphene
sheets rolled up into cylinders, and based on the direction of
the roll up, i.e., chirality index (n,m), they are divided into
two main classes, metallic and semiconducting ones (m- and
s-SWNTs). From a biomedical point of view, s-SWNTs are
particularly important because of their relatively efficient
absorption of near-infrared (NIR) light, which is derived
from S;; and S, van Hove transitions. As the absorbed
energy from NIR photon is efficiently converted to heat by
SWNTs, many researchers have observed photothermal
ablation of cancer cells by SWNTs.* On the other hand, we
reported that s-SWNTs, which were enriched from SWNTs
by a gel chromatography, were capable of generating
reactive oxygen species (ROS) as well as heat under NIR
illumination.® This observation indicates that the chirality
enrichment of s-SWNTSs is a very useful way to clarify the
function of s-SWNTSs as NIR-responsive nanomaterials. This
short review summarizes recent findings of how chirality
enrichment of SWNTs is performed and how the
chirality-enriched s-SWNTSs are utilized in vitro and in vivo.

Separation into m- and s-SWNTs was first reported by
Collins et al. in 2001.° They performed electrical breakdown
of multi-walled carbon nanotubes, resulting in the loss of
individual carbon shell from the nanotubes to yield SWNTs.
After this report, instrumental platforms” ® and selective
surface modification processes®™ for the separation have
been developed. In terms of purity, yield, and throughput,
however, these procedures were insufficient. In this context,
a pioneering work using agarose gel was reported by
Kataura and colleagues.” When SWNTs were dispersed in
an aqueous sodium dodecyl sulfate (SDS) solution by
sonication and electrophoresed in an agarose gel, only
m-SWNTs were mobile, and then m- and s-SWNTs were
easily obtained. The principal of this procedure is thought to
be difference in affinity of SDS between m- and s-SWNTs."
In particular, m-SWNTs are wrapped by SDS at a higher
density than s-SWNTs, which makes the affinity of
m-SWNTs to agarose gel weaker. They have further
advanced this procedure for easier and more efficient
separation of m- and s-SWNTs.** °

Procedures for single (n,m) sorting of s-SWNTs have also
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been reported by several groups. Ghosh et al. succeeded in
sorting of ten different (n,m) species by using nonlinear
density-gradient ultracentrifugation.”® Liu et al. developed
sophisticated gel chromatography procedures based on the
findings that the adsorbability of each (n,m) species to a
Sephacryl S-200 gel is dependent on the tube diameter'” and
also controllable by varying temperature of the gel.® More
recently, aqueous two-phase extraction for (n,m) sorting was
reported by Fagan et al.”® They used agueous mixtures of
polyethylene glycol and dextran, which had the nature of
spontaneous decomposition into two phases. In this aqueous
mixtures, each (n,m) species showed a different partition
profile upon addition of SDS, sodium deoxycholate, or
sodium cholate at various concentrations. The advantages of
this method are rapid sorting (a few minutes), no
requirement of expensive capital equipment, and amenability
to greater mass throughput.

To date, there have been three reports describing
biomedical applications of single- or double-chirality
-enriched s-SWNTs. Dai and colleagues utilized the second
NIR photoluminescence of (7,6), (6,5), and (12,1)/(11,3)
SWNTs for biological imaging. The second NIR
photoluminescence is favorable for deep tissue imaging due
to the low indigenous tissue autofluorescence and the much
reduced photon scattering. By utilizing NIR fluorescence
enhancement for (7,6) SWNTS on plasmonic gold substrates,
tracking cellular internalization of the single tube became
possible.”’ Blood vessels in xenograft tumor in mice were
visualized after intravenous administration of (12,1)/(11,3)
SWNTs.2 (6,5) SWNTSs were capable of simultaneous tumor
imaging and photothermal therapy in mice.! In this way,
single-chirality enrichment of s-SWNTs can significantly
increase the biomedical utilities of SWNTs. This also leads
to reduction of s-SWNTs applied to biological systems,
which means decrease in any potential adverse effects of
S-SWNTs.

Finally, the possibility of single-chirality-enriched
s-SWNTSs as photodynamic agents is discussed based on the
recent photochemical studies of SWNTSs. The photodynamic
activity of photosensitizers is based on photooxidative
reactions, which involve activation to a short-lived excited
singlet state, intersystem crossing to a long-lived triplet state,
and energy/electron transfer to the triplet ground state of O,.
While the excited triplet state of s-SWNTs has been
characterized theoretically since 2005,% its experimental
elucidation was reported in 2011 for the first time by
femtosecond-to-microsecond time domain pump-probe
transient absorption spectroscopy.”® In this study, (6,5)
SWNTs exhibited rapid S;-to-T; intersystem crossing (7=20
ps; $~3-5%) and a substantial triplet excited state lifetime (z
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=15 us). Then, a similar observation for (6,5) SWNTs (r =
30 + 10 ps; ¢ =5 + 2%) was made by the other group.”* ‘Ey,
energy of (6,5) SWNTs is 975 nm (1.27 eV),” and °Ey, state
is theoretically indicated to lie ~0.03 eV below the ',
state.”?  Thus, °Ey energy of (6,5) SWNTSs can be calculated
to be 1000 nm (1.24 eV), which is sufficiently higher than
the energy required for *O, generation (1274 nm, 0.97 V).
10, generation by SWNTSs has been observed under UV’ or
visible light irradiation.® These photochemical studies of
s-SWNTSs support our observation that NIR light (808 nm)
was sufficient to generate 'O, with s-SWNTs. Under this
808-nm illumination, (9,8) SWNTs (L, 809 nm) may be
responsible for its generation. Our success relied on
enrichment of individually isolated s-SWNTs because
s-SWNTs would be quenched via aggregation and energy
transfer to nearby m-SWNTs. It will be interesting to
compare  the  photodynamic  effect of each
single-chirality-enriched s-SWNTSs.

In summary, single-chirality enrichment of s-SWNTs is a
rapidly emerging technology, which has enabled their
detailed photochemical evaluation. The NIR responsiveness
of s-SWNTs via the van Hove transitions, such as
luminescence, and heat and ROS generation, is certainly
valuable in the field of biology and medicine, and
single-chirality enrichment of s-SWNTs will further advance
their theranostic abilities in near future.
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7. Answers to Questions of Professor Arimoto
Related to Fukui Conjecture

1. INTRODUCTION

Professor Shigeru Arimoto, in a correspondence to the
author dated at July 7, 2014, asked the following two
questions, which arose in connection with the Fukui

Kyoji Saito

ABSTRACT. We show that certain ring of real functions on

the interval [0,27] is a Dedekind domain, but not a unique Conjecture and the chemistry of carbon nanotubes (see

Arimoto 1), Arimoto-Spivakovsky-Amini-LeBlanc-Taylor
-Yoshida-Yokotani-Yamabe 2)-4)).
In the present note, we first recall the questions of

factorization domain (UFD). The problem arose in a study of
the Fukui Conjecture and the chemistry of carbon nanotubes.

Arimoto, then give answers on a broad basis, independently

VRARSCRT Pk 2678 1 28 1 of specific applications.
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Sect. 8 for details of C“(I)). Let us consider the subring:

Co(I)={feC”(I):3g € Rlz,y]
st. f(0) = g(cos(0),sin(0))}.

The author expresses his gratitude to Professor Shigeru Arimoto for
inviting him to contribute to the present volume.



Question 1. Thering C’(I) may conjecturally not be a
UFD. Is this true?

Question 2. Can one transplant the degree function on the
ring Rlz,y] tothering C(1)?

2. AN ANSWER TO QUESTION 1
In the following two propositions, we explain the proof.

Proposition 2.1. The correspondence g — f in the

definition of C(1) induces an isomorphism
Rz,y]/ (&* +y* —1) ~ C; (1)

of the rings.

Proof. The correspondence g — f is obviously a surjective
ring homomorphism. Clearly, 2*> 4 y* —1 isanelement in
the kernel of the homomorphism. Let P € R[z,y] be an
arbitrary element in the kernel of the homomorphism.
Regarding P as a polynomial in z, we apply the Euclid
division algorithm (Division theorem). Namely, we divide
P by 2* +9* —1 as polynomials in 2 and obtain the
quotient A and the residues B and C in the following

expression
P(z,y) = Az,y)(" +y" =1+ Bly)z + Cly) (1)
for some AeRz,y] and B,C € R[y]. Suppose

B = 0.Then, B(cos(f)) cannot be identically zero (since
a polynomial B can have only finite number of roots, but
cos(d) takes infinitely many values. On the other hand,
applying to (1) the fact that P belongs to the kernel of the
homomorphism, one gets a relation

B(cos(0))-sin(0) + C(cos(8)) = 0.

This implies the relation

sin(f) = —C(cos(0)) / B(cos(6))

for 6 in I, butitis clear (by analytic continuation) that
the relation holds for all real value # € R. This is a
contradiction, since the left hand side is a nonzero odd
function and the right hand side is an even function. Thus
B(y) = 0. Again, applying to (1) the fact that P belongs
to the kernel, we obtain C(cos(f)) = 0. This implies
C =0 for the same reason as before. This completes a
proof. a

As a consequence of the proposition, the ring C;'(I) is
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isomorphic to a ring of an irreducible affine algebraic curve
2° +y" —1=0 over the real number field. In general
such ring of regular functions on an affine algebraic curve is
well-known to be a Dedekind domain, where any ideal is
uniquely decomposes into a product of prime ideals. It is
also well-known that a Dedekind domain is a unique
factorization domain if and only if its any (prime) ideal is
generated by a single element 5),6). If the coefficient field is
the complex number field, then any prime ideal can be
generated by a single element, that is, the unique
factorization can be shown. For instance, over the complex
number field, we have the decomposition

2y = (@ +V-1y) (e —V-1y).
Then, putting « = = + \/—_ly , we have
v =x— \/Iy
inthe ring Clz,y]/ (2 +y* — 1) . Therefore, we have
Cla,yl/ (2" +y* —1) = Clu,u™']
which is easily seen to be a UFD (since any element is

uniquely decomposed into a form L) o itable

[T—0b)
az,bj,c € C such that there is no pair (i,j) with
a, = b] ). However, over the real number field, not all prime
are generated by single element so that the ring is not a
unique factorization domain. Let us confirm this fact
explicitly for the ring of the curve z° +14> —1=0.

Proposition 2.2. The ring R[z,y]/ (z* + 3’ —1) isnota
unique factorization domain. More precisely, the ideal
(z,y — 1) isnotsingly generated.

Proof. We first note that x is an irreducible element in
Rlz,y]/ (#* +3y° —1).Actually, in
Clz,y]/ (" +y* —1), = decomposes as

(utu) /2= (u+N-1)(w—-1)/2u

where w isagenerator of the units of the ring. Therefore, if
z decomposes into a product of non-unit elements in
Rz,y]/ (z* +y* —1), then each factor should be a unit
multiple of « + \/—_1 However, this is impossible, since
any unit of the ring is of the form cu™ for a non-zero
constant ¢ € C and an integer m € Z . But it may be
clear that no element of the form cu™ (u:l:\/:) can
to the real coefficient

belong subring
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R[z,y]/ (z* +y* —1). Thatis, z isirreducible.

Suppose the ideal (z,y —1) is generated by single
element, then the generator should divide z and y—1.
So, irreducibility of =z
generator, and that x divides y — 1. The last relation can

implies that = may be the

be expressed in terms of the R[z,y| that there exists
polynomials A, B € R[z,y] such that

z-Alz,y)+ Blzy) (@ +y' —)=y—-1. (2

Substituting x = 0 in the relation, one obtains
BOy)(y* —1)=y—1

in R[y]. This is impossible, since the left hand side can be
either identically O or a nonzero polynomial in y of
degree at least 2. Thus, the ideal (x,y — 1) is not generated
by a single element. o

3. TWO ANSWERS TO QUESTION 2

Question 2 itself is generic and the answer depends on
what is meant by “degree function”, and on what
applications are in one’s mind. In the knowledge of the
author, there is not an immediate transplant of the degree
function from R[z,y] to Rlz,y]/(z" +%* —1) in a
naive sense. Here, we have two possible suggestions of
completely different nature. What | write below are general
answers independent of any specified applications.

1. Remember the following inclusion map

Rlz,y]/ (z* +y* —1)
C Clz,y]/ (z* +y* —1) = Clu,u']

where the right hand side is the ring of Laurent polynomials
in u:=2x+ \/—_1y . Then, we can talk about whether some
element is homogeneous of degree n € Z in the variable u,
i.e. those elements of the form cu” (¢ € C) where n may
be also negative. Then, for a non-negative integer d, define
Clu,u™"]_, = the linear combination of elements
of degree n s.t. |n|<d
=Cu’'+Cu """+ +Cu"'

+C+Cu+--+Cu""' +Cu’.
Then, we further can consider the subspace

(Rlz,y]/ («* + 3" = 1)),
= (Rlz,y]/ (z* + " = 1)) NClu,u']_,.

35

Taylor Zizler
So, using C(I) =~ R[z,y]/ (z* +y* —1), we can define
the corresponding subspace

Cw

0,<d

(Hcc ).

This space seems to be close to the intended applications.

2. In algebraic geometry, degree of a line bundle means
the first Chern class, which can be counted by the number of
the zeros of its section. Therefore, over the affine algebraic
curve 2° +9* =1, one can introduce the following
degree functionon R[z,y]/ (z* +y* —1) as follows:

deg : R[x,y]/(x2 +y2 -1)— Zzo’
g +— dim, Rz,y]/ (9,2 +y* —1).

But this number does not satisfy the usual properties,
expected for the degree operator so that the author is not sure
whether this approach has a meaning.

Acknowledgement: The author is partially supported by
JSPS Grant-in-Aid for Scientific Research (A) No.
25247004.
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8. Challenging Cross-disciplinary Problems
Related to the Fukui Conjecture and to the
Chemistry of Carbon Nanotubes 11

Shigeru Arimoto, Nobuyuki Fukuda, Keith F. Taylor,
Masaaki Yokotani and Peter Zizler

This is the direct continuation of section 3 of the
preceding part 1V of this series of papers.

In this section, let Z* and R denote respectively the set of
all positive integers and real numbers. In what follows, we
retain the notation given in the “Nanotube Series, parts | ~
111 published in the Journal of Mathematical Chemistry" .
The reader is referred to refs. 4)-7) for cross-disciplinary
investigations related to the Fukui Conjecture and to the
chemistry of carbon nanotubes. The reader is also referred to
refs. 8)-16) and references therein for the science and
technology of carbon nanotubes.

Definitions I. Leta, b € Rwitha<band let | = [a, b]. A
real-valued function on a subset S — R is called real analytic
on S if it is the restriction to S of a function which is real
analytic on some open set O > S.

C“(1): the unique factorization domain (UFD) of all real
analytic functions defined on 1.

[Note 1: Ifa, b € Rwitha <band if | = [a, b], the unique
factorization domain C“(l) can be equivalently and more
practically defined by the following:

C(l) ={fli: 3= > 0 s.t. f is real analytic
onanopeninterval (a —e,b+¢)},

where f|, denotes the restriction of the function f to the closed
interval I.

It is essential that | is a compact interval for the ring
C“(1) to be a UFD. Notice that f &C®(l) implies that the set
of zeroes of f on the compact interval 1 is, either the whole
domain 1, or a finite subset of I. In the latter case, observe
that f is factored uniquely into irreducible linear terms as
follows:

(6) =“<9>H<9 —0)",
where u is a unit in C*(l), i.e., u is an invertible function real
analytic and with no zeroeson I, {8, &, ..., 6, } is the finite

set of zeroes of fon I, and m; € AR
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The idea of using the unique factorization domain C“(1)
for the proof of the Piecewise Monotone Lemma (PML) [cf.
ref. 17) and references therein] dates back to the 1980s and
this idea together with the concrete idea for proving the PML
via UFDs is due to Professor Kyoji Saito, then the Research
Institute for Mathematical Sciences (RIMS), Kyoto
University. All versions of the Asymptotic Linearity
Theorems, from which the validity of the Fukui conjecture
immediately follows, have needed one of several versions of
PMLs. See refs. 17)-21) for details. One of the authors of this
section (S.A.) expresses his sincere thanks to Professor Kyoji
Saito, Professor Isao Naruki, and Professor Mark
Spivakovsky, at RIMS in the 1980s, who provided him with
PMLs.]

C“(N[A]:  the polynomial ring (UFD) over C“(l) in the
indeterminate A.

R[4]: the polynomial ring (UFD) over R in the
indeterminate A.

R[Xy, Xo]:  the polynomial ring (UFD) over R in the
indeterminates Xy, X,.

coI):
C/I)= {feC’(I):qg € R[X, %]

0

the subring of C“(1) defined by

suchthat Vz € I f(z) = g(cosx,sinz)}.
Cy(I)[A]: the polynomial ring over C(I) inthe

indeterminate A.

The following is a pedagogical proposition, which is
related to the proof of the Fukui conjecture. This proposition
and analogous propositions have been introduced in a
Challenging seminar for the third graders in Tsuyama
National College of Technology (TNCT) in conjunction with
a Fourier (frequency) analysis of various sound data. It is not
difficult to show that any finite Fourier series function
defined on I = [0, 2], which is expressed in terms of a linear
combination of cosné and sinné functions, is an element of
C;(I) . Inthe Challenging seminar in TNCT, the derivative
of a finite Fourier series function f, which is again a finite
Fourier series function, was discussed and the monotonicity
number of f and the number of zeroes of its derivative
f' were explained by using a computer program called
“Graphing Calculator” and by referring to the following
proposition:

Proposition A. Let ¢ € R[X;, Xo] be a polynomial of two



Vi

indeterminates x; and x, with real coefficients. Let m e Z".
Suppose that
deg(§) < m.

Then, we have

(i) Card {0 €< [0, 27: ¢cosb, sing) =0} < 4m.
Moreover, if u(8) := ¢(cosé, sind) is an even function, we
have

(ii) Card {& € [0, 27]: #cosO,sind) =0} < 2m.
Proof. Part (i): Let v, be polynomials of indeterminate x
with real coefficients such that

)= > v (2)y
Then, deg(¢) < m implies that
deg(v,) <m—j
forall 0<j<m.
If m is an odd number and if m = 2N + 1, then we have
@coséd, sing) =

N
Z v,,,,(cos6) sin®*' 6 + Z v, (cosf)sin®

j=0 j=0

N
= (sinf [sz (cos®) sin® |+

J=0

N
Z v,,(cos0) sin* 6
=0

u j
=(sind [Z v, (cosf ( — cos’ 9)‘ +

J=0

N
202/

J=0

cos 0) (1 — cos’ 9)1 .

Similarly, if m is an even number and if m = 2N, then we
have
#coséd, sinf) =

=

—1 N
cos ) sin® " 6+ v, (cos 0)sin® 0

Jj=0

v2j+1(

Il
=}

J

]V
= (sinf) [Z v,,.,(cos0) sin* 0
=0

N
+ Z v,,(cos0) sin* 6
=0

N RV
=(sin 0) [Z Uy, (cos ) ( — cos’ 0) +

j=0

N J
Z v2j cos 0) (1 — cos’ 9) .
J=0

Thus, there are polynomials A and B with real coefficients
such that for all & [0, 27,

#cosb, sind) = (sin@)A(cos) + B(cosb),
and such that
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deg(4) <m —1,

deg(B) <m.

Note that
{6<10,2: #cosb, sing) = 0}
={0¢< [0, 24: (sin@A(cosd) = — B(cosH)}
c {0<[0,274: (1— cos’0) (A(cosd))*= (B(cosH))?}.
Let
P(X) = (1 — x)AX)*— B(x)?
so that the degree of the polynomial P(x) is less than or equal
to 2m:
deg(P) < 2m.

Since 6 +— cosf is a bijection on [0, 7] and [z, 24], we
see that

Card{0< [0, 7): P(x) =0} <2m,

Card{0¢€ [72A: P(x)=0} <2m,
from which the inequality (i) follows.

Part (ii): Suppose that u(é) := ¢(cosé, sind) is an even
function with the domain being analytically extended to R.
Then, by Part (i), we see that there are polynomials A and B
with real coefficients such that for all € €[0, 2],

u(6) — B(cosé) = (sin@)A(cosH).

Notice that the left-hand side is an even function and that the
right-hand side is an odd function. The function that is both
even and odd is the constant zero function, i.e., the function
that vanishes throughout the domain.

Therefore, we have

u(d = B(cosa).

By the argument in Part (i), we see that the conclusion of
Part (ii) is true. |

In what follows we recall a Lemma called Piecewise
Monotone Lemma™?Y, which played an essential role for
the proof of the Fukui conjecture. Before recalling this
lemma, we need some preparation:

Definitions Il. Let S; and S, be nonempty subsets of R. A
function f: S; — S, is said to be nondecreasing if x; < x,
implies f(x;) <f(x,) for all X, X, € S;. Afunctionf: S; —» S, is
said to be nonincreasing if x; < x, implies f(x;) < f(x,) for all
X1, X2 € S1. Afunction f: S; — S, is said to be monotone if it is
either nondecreasing or nonincreasing.

Leta, b € Rwitha<bandlet| =Ta, b]. Afunction f: |
— R is said to be piecewise monotone if there exists a finite
partition

A=Xg<X<..<X =D (neZ

of the interval | such that the restriction f | [Xiq, %] is
monotone for all i € {1,..., n}. In this case, f is said to have
n-partition of monotonicity.

Iff: 1 > R is piecewise monotone, let



Mo() :=min {n € Z": f has

n-partition of monotonicity}.
The Mo(f) is called the monotonicity number of f.

Iff: 1 > R is not piecewise monotone, let
Mo(f) = oo .
C(): thering of all real-valued continuous functions
defined on I.
C(D[1]: the polynomial ring over C(1) in the indeterminate
A
For each €@ e |, let Evy : C(D[4] — R[A] be the ring
homomorphism defined by
Eve(Col" + G A™ + ... + ¢y)

= Co(A" + Cy(QA™ + ... + ().
Now, we are ready to recall the Piecewise Monotone
Lemma (version 1)*":

Lemma A (Piecewise Monotone Lemma (PML))
Leta,b e Rwitha<bandlet|=[a, b]. Letp € C*(1)[1] be
a monic polynomial of degree q € Z" given by

p=At+c A+ L+,
Suppose that for any € < |, the polynomial

Evo(p) = '+ (@A + ..+ c(6)
over the field R has q real roots, which we denote by 1;(8) <
A6 < ... < A(6). Then, all the 4j’s are piecewise monotone,
ie,
Mo(4) < oo

forallj e {4, .., q}.

Our challenging cross-disciplinary problems are as
follows:

Problem 1. Let g and r be positive integers. In the above

lemma, assume that 1 = [0, 2], p e C; (1) [A] and that

(a) there exist g, gy,. .., 9q ER[X4, X2] such that for all
je{l, ... q},
deg(g) = r,
¢i(6) = gj(cos@, sinb) forall 9 el,
p is factored into first degree monic polynomials:
p=(A—d)(A—dp) .. (A—dy),

where dy, ..., dge C”*(1).

Then, our problem is to get an estimate of Mo(d;) of the
form:

(b)

Forallje{l,..q} Mo() < p(@n),
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where 1 isaconstant function of positive integers g and r.

Problem I1. Is it possible to streamline statement (a) in the
above Problem | by introducing a ‘degree function’ or its

conceptual analogue to C’(I)?

Problem I11. In the investigations of carbon nanotubes using
the repeat space theory, several analytic formulas concerning
energy band curves have been obtained. Is it possible to
analyze the monotonicity number of these curves without
depending on concrete analytic expressions?

Problem [1V. The Fukui Project is international,
interdisciplinary, and inter-generational. In connection to the
inter-generational aspect of the project, we have been
utilizing Matrix Art and Math Art as interfacing and heuristic
tools for educational and cross-disciplinary communications.
These tools have been mainly visual. Can we proceed further
to involve music and other forms of audible art for the same
purpose of enriching educational and cross-disciplinary
communication?
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11. Cross-disciplinary Research and
Proactive Serendipity

Shigeru Arimoto

On the 50th anniversary of the Tsuyama National
College of Technology (TNCT) in 2013, Professor Hideki
Shirakawa (Nobel Chemistry Prize 2010) mentioned the
importance of proactive attitude in creating a new path in
science. In recalling the cross-disciplinary research related to
the Fukui conjecture, the author of this section is convinced
that what might be called ‘Proactive Serendipity’ played a
remarkable role in the proof of the Fukui conjecture via the
resolution of singularities and related methods®®. The
phrase ‘Proactive Serendipity’ does not seem to exist in
current English, however, the author recalls the late
well-known engineer Dr. Hideo Itokawa referred to the idea
approximately corresponding to what might be called
Proactive Serendipity in one of his books.

Bearing in mind both Dr. Itokawa’s remarks and
Professor Shirakawa’s lecture mentioned above, the author
would like to record here a remarkable case of Proactive
Serendipity. In the mid 1980s, the author visited the
Research Institute for Mathematical Sciences (RIMS),
Kyoto University, after contacting Professor Heisuke
Hironaka for his help in resolving whether or not the Fukui
conjecture was true. To make a long story short, his student
Professor Mark Spivakovsky and his colleagues Professor
Kyoji Saito and Professor I1sao Naruki gave helping hands to
the author immediately after Professor Hironaka returned to
Harvard University leaving his student Spivakovsky in
Kyoto. No one imagined at that time the Fukui conjecture
had something to do with the specialized research field of
Professor Spivakovsky and his teacher Professor Hironaka:
Resolution of Singularities. One afternoon in the mid 1980s,
when Professor Spivakovsky had left for America and
Professor Naruki happened to be absent, at the Northern
Restaurant in Kyoto University, the author asked Professor
Saito and his colleagues at a lunch table a question about
factorization with a rather imprecise formulation of the
problem. The author talked about his conjecture directed
towards what is known as the ‘Piecewise Monotone Lemma’
(version 2) recalling the visual impression from many
examples of energy band calculations, which the author
proactively undertook himself and collected from others’
publications over a period of several months. Professor Saito
was the first to provide a counter example to negate the
author’s conjecture. However, after the author restated his
conjecture more precisely, Professor Saito agreed to the
likely truth of the conjecture, which was later proved in refs.
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2)-6). Hearing the statement of Professor Saito, Professor
Naruki, who is the author of Section 9, gave a crucial initial
step towards the then absolutely unexpected application of
resolution of singularities to the research of the Fukui
conjecture. Later, Professor Spivakovsky revisited Kyoto
from America, and Professor Saito and Professor
Spivakovsky also helped the author in the application of
resolution of singularities to the Fukui conjecture. [See ref.
7) for the author’s communications with Professor Kenichi
Fukui concerning his conjecture and its related theorems.]

Acknowledgements

The author of section 11 (S.A.) would like to express his
sincere thanks to his former classmate at Kyoto University,
Katsuhisa Ohta, now Professor at Muroran Institute of
Technology, who suggested to the author to attend the “‘Open
Mathematics Lectures’, by Professor Heisuke Hironaka,
Professor MasayaYamaguti and others in the RIMS, Kyoto
University in the late 1970s. At this suggestion, the author
attended the open lectures and thereafter proactively
continued to study topics related to the lectures. This later
paved a way to lucky and serendipitous encounters with
Professor ~ Saito, Professor Naruki, and Professor
Spivakovsky, at the RIMS, Kyoto University, in 1980s.

References

1) S. Arimoto, N. Fukuda, K, Hiroki, T. Murakami, I. Naruki, K. Saito, S.
Takeuchi, and M. Yokotani,
Interdisciplinary Joint Research and the Fukui Project 11", Bulletin of
Tsuyama National College of Technology, 55 (2013) 31-35.

2) S. Arimoto, M. Spivakovsky, K.F. Taylor, and P.G. Mezey, Proof of
the Fukui conjecture via resolution of singularities and related methods.
1, J. Math. Chem. 37 (2005) 75-91.

3) S. Arimoto, M. Spivakovsky, K.F. Taylor, and P.G. Mezey, Proof of
the Fukui conjecture via resolution of singularities and related methods.
11, J. Math. Chem. 37 (2005) 171-189.

4) S. Arimoto, Proof of the Fukui conjecture via resolution of singularities
and related methods. 111, J. Math. Chem. 47 (2010) 856-870.

5) S. Arimoto, M. Spivakovsky, K.F. Taylor, and P.G. Mezey, Proof of

"Mathematics and Chemistry

the Fukui conjecture via resolution of singularities and related methods.
1V, J. Math. Chem. 48 (2010) 776-790.

6) S. Arimoto, M. Spivakovsky, E. Yoshida, K.F. Taylor, and P.G. Mezey,
Proof of the Fukui conjecture via resolution of singularities and related
methods. V, J. Math. Chem. 49 (2011) 1700-1712.

7) S. Arimoto, Note on the repeat space theory - its development and
communications with Prof. Kenichi Fukui -, J. Math. Chem. 34 (2003)
253-257.



HELEFOFEERMTLEFTOD S F VI

A Y EEEEYT EA-mYT KRB BT MEEHRY gABER®
FHEASE] T N %Y Keith F. Taylor”™ RS IER 1 Peter Zizler'

Mathematics and Chemistry

Interdisciplinary Joint Research and the Fukui Project VIII

Shigeru ARIMOTO, Nobuyuki FUKUDA, Kazuaki HIROKI, Isao MORISHIMA, Tatsuya MURAKAMI

Isao NARUKI, Kyoji SAITO, Shigeru TAKEUCHI
Keith F. TAYLOR, Masaaki YOKOTANI and Peter ZIZLER

This is the eighth part of the series of articles that records and further develops essentials of the Mathematics and
Chemistry Interdisciplinary Symposium 2013 Tsuyama, whose main themes were symmetry, periodicity, and repetition.
The symposium was held on April 5th and 6th in Tsuyama city, Okayama, Japan, in conjunction with the Fukui Project and
was devoted to the memory of the late Professor Kenichi Fukui (1981 Nobel Prize) who initiated the project. The present
series also provides challenging cross-disciplinary problems which are directly related to the Fukui conjecture and to recent
carbon nanotube research. Most of these problems are formulated using mathematical language of unique factorization
domain (UFD) and related notions, which are not well known among chemists despite the importance of these notions in
elucidating additivity and high-speed asymptotic phenomena in molecules having many repeating identical moieties.
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13. Challenging Cross-disciplinary Problems
Related to the Fukui Conjecture and to the
Chemistry of Carbon Nanotubes 111

Shigeru Arimoto, Nobuyuki Fukuda, Masaaki Yokotani and
Peter Zizler

In ref. 1), the following Challenging Problem F was
given. This problem is related to absolutely continuous
functions (generally highly irregular) and to their Fourier
expansions.

Let us recall that Challenging Problem F is closely
related to the Asymptotic Linearity Theorems (ALTS) in the
repeat space theory (RST). The reader is referred to 2)-7) for
the ALTs and for the definitions of the original alpha space
XAq) and of other symbols given in the following
conjecture.

Conjecture OALT-1. (OALT-X,(q) AC(I) version). Let q
Z", lets e Z, let {A} € X.(0), and let | be a closed interval
compatible with {Ay}. Then, for any ¢ € AC(l), there exists
an a(¢p) € R such that

TH(RS ® Ig) (9(An) 1= as(@)N +0(1) @)

as N — co. Moreover the real number o(¢) is represented
by the integral given by

alg)= o= [ eplsO)Tro(F@)0. @
JT Y0

Challenging Problem F. Prove or disprove Conjecture
OALT-1.

Let P(I) denote the subspace of AC(I) of all the
polynomial functions with real coefficients. The Conjecture
OALT-1 with AC(I) replaced with P(1) is called Off-diagonal
ALT, OALT-XAq), P(I) version. The reader is invited to
prove or disprove this simpler version first. The reader is
also invited to the following

Challenging Problem G. Prove or disprove the following
Conjecture OALPHA-1.

Conjecture OALPHA-1. (OALPHA-X,(q) AC(I) version).
Letqe Z", lets e Z, let {Ay} € XA0), and let | be a closed
interval compatible with {Ay}. Then, for any ¢ e AC(l),
there exists an as(¢) € R such that

52

TH(Py ® 1) (9(An) 1N - (@) ©)

as N — co. Moreover the real number o(¢) is represented
by the integral given by

alg)= o[ ewlOToFEE). @)
7 do

14. Concluding Remarks
Shigeru Arimoto

On behalf of the co-authors and myself, | would like to
express sincere gratitude to all who helped in enhancing the
Fukui Project. Special thanks are due to Professor M.
Spivakovsky, Professor M. Amini, Professor J. LeBlanc,
Professor T. Yamabe, who have been recent collaborators in
the program related to the Fukui conjecture, carbon nanotube,
and visual Matrix Art. In the present series of papers, as a
complementary aspect opposed to the visual Matrix Art, we
are currently targeting heuristic and innovative sonification
(audiolization) of various scientific data using Fourier
analysis with the help of computer scientists and musicians.

However, by the 100" anniversary of the birth of
Professor Kenichi Fukui, which is 2018, heuristic
visualization and sonification programs in the Fukui Project
currently separated as modular units shall be united.

Acknowledgements

On behalf of the authors of this series of papers, the first
author (S.A.) would like to express sincere gratitude to Dr. T.
Noritsugu, President of Tsuyama National College of
Technology, and his predecessor Dr. H. Inaba, now President
of Shujitsu University, for their help in holding our
Symposium 2013 Tsuyama and promoting our
cross-disciplinary and international collaborations.

References

1) S. Arimoto, M. Amini, M. Spivakovsky, J. LeBlanc, K.F. Taylor, T.
Yamabe, Repeat space theory applied to carbon nanotubes and Matrix
Art, Bulletin of Tsuyama National College of Technology, 54 (2012)
31-38.

2) S. Arimoto and M. Spivakovsky, The Asymptotic Linearity Theorem
for the Study of Additivity Problems of the Zero-point Vibrational
Energy of Hydrocarbons and the Total Pi-electron Energy of Alternant
Hydrocarbons, J. Math. Chem. 13 (1993) 217-247.

3) S. Arimoto and K.F Taylor, Aspects of Form and General Topology:
Alpha Space Asymptotic Linearity Theorem and the Spectral
Symmetry of Alternants, J. Math. Chem. 13 (1993) 249-264.



4

5)

Vil

S. Arimoto and K.F. Taylor, Practical Version of the Asymptotic
Linearity Theorem with Applications to the Additivity Problems of
Thermodynamic Quantities, J. Math. Chem. 13 (1993) 265-275.

S. Arimoto, New proof of the Fukui conjecture by the Functional

Asymptotic Linearity Theorem, J. Math. Chem. 34 (2003) 259.

53

6)

7)

Taylor Zizler

S. Arimoto, The Functional Delta Existence Theorem and the reduction
of a proof of the Fukui conjecture to that of the Special Functional
Asymptotic Linearity Theorem, J. Math. Chem. 34 (2003) 287-296.

S. Arimoto, The Second Generation Fukui Project and a New
Application of the Asymptotic Linearity Theorem, Bulletin of Tsuyama
National College of Technology, 52 (2010) 49.



#EFF LB 2 D ELHS

ek

Trajectory of quasi-geostationary satellites

Makoto SATO

A procedure for calculating trajectory of quasi-geostationary satellites is demonstrated. Satellite orbit is calculated based
on the Kepler’s law. A way of obtaining trajectory of the orbit in the sky observed from arbitrary point on the Earth is ex-
plained. Influence on the trajectory by orbit eccentricity and tilting angle to equatorial plane is under consideration.

Key Words : Kepler’s law, Quasi-zenith satellite, Geostationary satellite, Orbit, Trajectory
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Fig. I An orbit of a quasi-geostationary satellite.
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Fig. 2 Tilted orbit of a quasi-geostationary satellite.
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Fig. 3 Calculated trajectory of the quasi-zenith satellite ‘“Michibiki’
with tilt angle of 40deg, and eccentricity of 0.1. Dots represent the
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Projection on the equatorial (x-y) plane

Fig. 4 Orbits of three quasi-zenith satellites. The eccentricity of
orbit ellipses is exaggerated for easy understanding.
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Tilt angle of orbit

45°

Latitude of observer is 35° N, and time interval is 20 min.

altered in every 8 hours.

Fig. 5 Calculated trajectories of quasi-geostationary satellites
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Direction of position change in the sky is shown with arrows.
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Induction-Coil Electrodeless Lamp System

Using 100kHz Order Frequency

Hidenori KAKEHASHI

Induction-coil electrodeless Lamp systems provide some essential advantages compared to general fluorescent lamps ,

i.e. extremely long life, instant starting, and high system output. However, the conventional electrodeless Lamp system

with outside wire winding is not sufficient for total efficiency because of using 13.56MHz frequency. So, the new

electrodeless Lamp system that consists of a bulbous lamp with a re-entrant cylindrical cavity, a solenoid induction-coil

with a ferrite magnetic core and 135kHz driving inverter, is proposed. This paper reports the structure and performance of

the new system.
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A basic study on Mongolian-Japanese translation

Eiji OHIRA, Erina JOTANI and Nurul Sakinah Binti Kamaruddin

From December 2009, Tsuyama National College of Technology has signed an international exchange agreement for

research exchange with Mongolian National University of Science and Technology, Uburuhangai University. As a part of
the agreement, in this laboratory, a research about translating Mongolian language into Japanese language was started.
Both Mongolian and Japanese are known as agglutinative language which means a language that the back of each word is

continued by a particle or a suffix, and they also follow the same type of sentence structure that called SOV. But, if
Mongolian’s noun and any particle are attached together, the noun will change according to the particle and letter
elimination. First, this research only focuses on creating a Mongolian morphological analysis method and a

Mongolian-Japanese word dictionary database using a Mongolian sightseeing guidebook. Then, the system that converts

Mongolian to Japanese is created. A total of 665 words in the guidebook were used for the experiments.

Experiments

confirmed the validity of morphological analysis of Mongolian noun phrase using the knowledge of this research.
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Pax Morgolica ras HapnAnaw 6aMe. XyYH TapeA X THHA acyyAaner A43.
YMHIMC XaaHL Y330 CaHaa eHEBEP Oafdapunan HIpUAH 40
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Photometric Observation of Short-Period Eclipsing Binary Star

Yuji SASAI Hitomi KISHIBE and Mai OSHIMA

The apparent luminosity of the eclipsing binary star changes periodically, which consists of two stars hidden by each

other. We took a series of pictures of the short-period V1191 Cyg using the 50cm-diameter telescope of Bisei Spaceguard

Center on August 6th, 2013, and also took a series of pictures of the short-period V0523 Cas using the 101cm-diameter

telescope of Bisei Astronomical Observatory on October 12th, 2013. We then reduced the data and performed a

photometric analysis using image reduction and analysis facility (IRAF) software. We estimated the periods of luminosity

variation by drawing the light curves. We also summarized the procedure of the image reduction and the photometric

analysis using IRAF.

Key Words : Eclipsing Binary Star, Photometric Observation, IRAF
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1), CCD # * 3
100 %3 X 100 %Y,
ThD.
V0523 Cas |2 TLT , 10 4 12 A (+)? 23:00
~¥ 5:00 ORENC, FEHEFR 40 £ & 60 £ TEF 239
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X 10lem Pamdi (X 2), CCD A 7 XWHEK
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1024 X 1024 pixel THIF 6.8 43X 6.8 4y, 7 4 /L4
—1Z R (1380-6380A)TdH 5.
3. T—HE
EHEONEEETHRD 2D , REE

LW EDNNETH D, V191 Cyg IZ2oWWT
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H—=J N T RAEFLLZEIZLsTHTY
=7 FNEBO /A XEFEOL, 77 v ME#
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FEKIEEG LD AR V0523 Cas & g R
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¥uxBEERICATHS (K 3). 728, Tecl>) &
IRAF o7 a> 7 K, I$] X kterm 7' v 7k
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3 AYEE V0523 Cas (FOOW) & R USNO-A2.0 1350-
00691230 (_-DOW)

TEEDTZDIZULTFO 7 7 ANV Y A NEEKRT D.
darkl0sec.list : BN 10 DOE—27 77 A )L
% dark10s_ 001 fit

dark10s_002.fit

dark10s_003.fit

dark10s_004.fit

dark10s_005.fit
dark40sec.list : FE N A0 RV D X — 2 7 7 A )b
dark60sec.list : T 60 DX —27 7 7 A )b
flatlist: 77 v 7 7 AV
W% flat_001.fit

flat_010.fit

(2) HUEtEFHA
BB TR ERF VAL, REME R &
o TV ENDHD. BBV, AUV IO
W fE, R, RAMVE, RREZHND
lmstat] 2~ FEZ MWD &, ZOEFIZKN
DGV 10BENDOL =7 T 7 A5 HEF
HEUTDE Ttz
ecl> imstat @dark10sec.list
#IMAGE NPIX MEAN STDDEV MIN MAX
dark10s_001.fit 1048576 1900. 15.6 1849. 9042.
dark10s_002.fit 1048576 1901. 15.63 1848. 9376.
dark10s_003.fit 1048576 1901. 15.28 1852. 9243.
dark10s_004.fit 1048576 1901. 15.32 1856. 9102.
dark10s_005.fit 1048576 1901. 14.99 1852. 9262.
40 BN DOX—2 77 A4 6, 60 BENDHX
— 7 77 ANSREICERENRNINTF =y 7T 5.
ecl> imstat @dark40sec.list
ecl> imstat @dark60sec.list

3) 77 v NE{gALE

77y FEBOMIEMN Y — 7 Bl e GmRT 5.
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dark10sec.fit 2435 .

ecl> imcombine (@dark10sec.list darklOsec.fit comb

ine=median
INENDT Ty N T 7ANNEE =TT 74

NEBIWZ T 7 ANEDT Ty b7 U A MILL

Toavwr RTHLNLS.

ecl> lcat flat.list | sed -n 's/.fit/s.fit/p' > flat-sub.list

flat-sub.list : 77 » ¥ 7 U R |

W% flat_001s.fit

flat 010s.fit

77 v bEg S X — 7 EiR O

%77y FEGNO Y=g EE LS E, Bl
4 TIRFET S, BlZIE, 77 v Mg flat 001.fit
25 darkl0sec.fit Z 5|\ fit 7 7 A V&7 7 A )b
flat_001s.fit & L CIRTFT 5.
ecl> imarith @flat.list - dark10sec.fit @flat-sub.list
SHIT, MAEEZFHAEL THB RV
ecl> imstat @flat-sub.list
#IMAGE NPIX MEAN STDDEV MIN MAX
flat 001s.fit 1048576 493.3 31.68 323. 2874.

77 v EB OB
77y NEBREIZH D o b OVIEDR R D O
T, Thz LIZHrRIET 5.
ecl> normalize @flat-sub.list
MR RIIRD & DI T 5.
ecl> imstat @flat-sub.list
#IMAGE NPIX MEAN STDDEV MIN MAX
flat 001s.fit 1048576 1. 0.06422 0.6548 5.826

77 v FEBDERR

S/N [a] D7z, Mg L7z 108D~ Z > b
e A7 407y (hRE) THKRL, 77 AL
flat.fit 45 % .
ecl> imcombine @flat-sub.list flat.fit combine=median

4) A7 Y =7 NEBE

A7V =7 FEBAIENY — 7 B AR

40 BEEL L 60 B#ECOAT ¥ =2 FEIGAHIE
ME— 7 BEig% AT 47 CTHERL, 774V
dark40sec.fit & dark60sec.fit #4575 .

ecl> imcombine @dark40sec.list dark40sec.fit comb
ine=median

ecl> imcombine @dark60sec.list dark60sec.fit comb

ine=median

73

X —IIEE AT V=7 b U X s DOERK

FTY =7 N7 7 A4 001001.6it (2 Ts] Zff
JC, WHEFE A7 7 A L4 001001s.fit &35 K9,
= WIEE AT =7 U R FNEEKRTD.
ecl> !cat object40sec.list | sed -n 's/.fit/s.fit/p' > o
bject40sec-sub.list
ecl> !cat object60sec.list | sed -n 's/.fit/s.fit/p' > o
bject60sec-sub.list
ZIT, 40 BACIE 232 8, 60 BHICIE 12 D
T ANBB A>T NG,

5 — 7 il D

FTRTOF T V=7 PEGNE Y — 7 il %
Lal<. =20, RUEHFME S LTIT .
ecl> imarith @object60sec.list - dark60sec.fit @obj
ect60sec-sub.list
ecl> imarith @object40sec.list - dark40sec.fit @obj
ect40sec-sub.list

77y MHEHEAT V-7 b U A SO
FTY =T N7 7 A4 001001.fit 1T Tf] ZAfF
JT, ¥=2 7Ty MMIEFRHRT 74 V4

001001ffit &3 25X 9, 77 v MIEFA 7 V=
7 bURANEAERT .

Icat object40sec.list | sed -n 's/fit/f.fit/p' > objectd

Osec-flat.list

Icat object60sec.list | sed -n 's/fit/f.fit/p' > object6

Osec-flat.list

ZIT, 40 BANCIE 232 8, 60 BHICIE 12 D
T ANBDB A>T NG,

7 7 v MlIE
BRFEFDOT 7 v Mg flatfit T, FTOH

—JMEF ATV =7 NEGREE D,

ecl> imarith @object60sec-sub.list / flat.fit @objec

t60sec-flat.list

ecl> imarith @object40sec-sub.list / flat.fit @objec

t40sec-flat.list

3—2. A A’

o~ K lepa phot] 1T X 2 xfahE— FHEDERN
ARETH L. WEBEERY 7 b ds9 OMEE O LR
WA=V NV EYRTT, AXN—AF— %
LEREBOTa T s ANVBREREN, [a F—]) 2
3 &, xgterm IZFHRPERENERIND. S
52, F—H#T—% LT, BXEICONTHE
BOBETHEZITY. 2 TOEHT—ZIZon
T, WEBEORKEITON, 77 A NVHBDATIN
R TR 2N 225 0T, HEME L2V,

(1) {8 N7 A HEUS
LI DOEEINE T 7 A NMITDONWT, RTA—F %



EELTHYIRSHADEIERZBEET D, TOT
W, ZICE & iR oW LT O E A #a B
TORENRDD.

BREAT V7 FEBO Y A MERR
$ Is *f.fit > filelist.txt
Z O filelisttxt =7 4 ¥ CTH &, KERINTIE~
737 . xgterm £ T
ecl> imexa @filelist.txt 1 keep+ log=coords-data.txt
AN, EBERY 7 b ds9 BT, AN
RO LET la) 2 FL, RIZEXKED LT lay
ZWTT 5. In) 2T LROBEBZ R RS H,
[ CAEEZHT TV ZTRHORRIZT 71 L
lcoords-data.txt ] IZfRfFES N DH. #Kbd & XX
fql Z 2 BT 5. Zhb0ERIE Temp-
coords.txt] EWILFD T 7 A WVITHRTFESNT
WE, ARIFUTFOL 1275,
$ more coords-data.txt
#[1] 2317351 fit -
#COL LINE COORDINATES
600.07 653.40 600.07 653.40
529.48 539.81 529.48 539.81
Z @ imexa OfE R (coords) 1% 3,4 FIAE S HDE L
TLEDEEO xy FEEIZEIE L TWA. 5D
DEEZNITH I LE xy BELFRILTHD. 1
TR, 2 ITRENEOMEE#] TH DN,
M7 7 ANVIRAFET D X0 2B EE2S
HAIRUN.

7 7 AIE L E OO 3R U A MERK

$ cat coords-data.txt | awk '{ if(NR % 3 == 1) {fname
= $3; } else if(NR % 3 == 2){ print fname, $3, $4; }}'
> coords-data-rl.txt

AEFLLTO LB THS.

$ more coords-data-rl.txt

231735f.fit 600.07 653.40

JERE T 7 A VAL & JERE D RS Y A M ERKL

$ cat coords-data-rl.txt | sed -n 's/.fit/.coo.r/p' >

coords-data-r2.txt
AEFLLTO LB THS.
$ more coords-data-r2.txt
231735f.coo.r 600.07 653.40

JERE 7 7 ANV ERE B L
$ cat coords-data-r2.txt | awk '{ print $2, $3 > $1 }'

FERE 7 7 A N DU R MMERK

$ cat coords-data-r2.txt | awk '{ print $1 }' > coords-

r.list

FIFRIC LT, BEDOY A N&E/EKT S, (1)

74

N Iv IZEDDLZLICHERET .

$ cat coords-data.txt | awk '{ if(NR % 3 == 1) {fname
= $3; } else if(NR % 3 == 0){ print fname, $3, $4; }}'
> coords-data-v1.txt

$ cat coords-data-vl.txt | sed -n 's/.fit/.coo.v/p' >
coords-data-v2.txt

$ cat coords-data-v2.txt | awk '{ print $2, $3 > $1 }'

$ cat coords-data-v2.txt | awk '{ print $1 }' > coords-

v.list

(2) 7TAF ¥ PDLO AN (FWHM) OWRE
KR Z Hul &3 2 DG P O R E O 7= o 2 E R
FWHM (Full Width at Half Maximum) % {&E9 %
WENH L. T2 TIHEBREICOWTHBEET 5.
$ cat coords-data.txt | awk '{ if(NR % 3 == 1) {fname
= $3; } else if(NR % 3 == 2){ print fname, $13, $14,
$15; }}'> FWHM-r.txt
TFWHM-rtxt] OWNE % " %5 &, ENCLOSED,
MOFFAT, DIRECT OfE & b, 032233ffit D%
fToltEy MEFIZE Y RES AL TN, £
= T [235233ffit ~ 000623f.fit ] (60 b #& )
F001001f.fit~032233f.fit) (&> NEFEH, 40 7
FTok) L T032842f fit~043822ffit] (v hAEHE
%, 40 @) o T, L0 FEEORGIZITW
7u 7y AN CToH5H MOFFAT Ofi ¢ FWHM %15
5. ZZTiE T001001f.fit~032233f.fit] Dtk
BRIZOWTIBERT 5.
$ cp FWHM-r.txt FWHM-r-2.txt
[FWHM-r-2.txt] W% % [001001f.fit~032233f.f
it] (B> FEERD 295, FWHM & LT, 154
il > MOFFAT O ¥ ZEHT 2 2 LT 5.
$ cat FWHM-r-2.txt | awk '{ sum += $3; num++ }
END{ print "sum=" sum; print "average=" sum/num}'
sum=1000.54
average=6.49701
&y

2% irafterm

4 H#UE USNO-A2.0 1350- 00691230IRAFn DEB T 07 7 A )L



fwhmpsf=6.5 (FWHM)
cbox=13 (FWHM O 2 fF2 %)
annulus=14.8 (AW A OHNEE, apertur+1.0 7223,
+5.0 127 %)
apertur=9.8 (FWHM @ 1.5 %)
DEICNRTA=FERETDH. HKERDEGBT
07y ANER4IRT.

ZOMOREREH OEGT — % 7 7 A L EEIE
DFEIZ DN THRARIZIBH®RT 5.

(3) M
e, ZEXE O FWHM OERFE L THh DD
T, BHEH, YU MEETHTT, WETS.
FOESDOT 7 AN A NEERTS.
ecl> cp filelist.txt filelist-1.txt
235233f.fit~000623f.fit (FEH 60 £») 7
ecl> cp filelist.txt filelist-2.txt

001001f.fit~032233f.fit (FEMH 40 ¥, vk
ARG 154 {8
ecl> cp filelist.txt filelist-3.txt
032842f.fit~050543f.fit (FZHi 40 ¥, v b

EHE%) 78

HIEH O Ll R FERR Y 2 B

$ cp coords-r.list coords-r-1.list
$ cp coords-r.list coords-r-2.list
$ cp coords-r.list coords-r-3.list
RDEH ORI RERE Y A b

$ cp coords-v.list coords-v-1.list
$ cp coords-v.list coords-v-2.list
$ cp coords-v.list coords-v-3.list

OHNBETZ77ANVY A MNIEDED.

77 A NI A b Tilelist-2.txt| DZENE OHEE
ecl> epa phot

limage | 2 [ @filelist-2.txt | , [ coords | |Z
[ @coords-v-2.list | , [interac] % [yes] 75
lnoJ, fwhmpsf=6.5, itime=40 (%), cbox=13,
annulus=14.8, apertur=9.8, zmag=22
E LTI A—ZFRE L HRHEDEEIT S .

4) HDERERORY L

g 2

ecl> txdump *.mag.l IMAGE,XINIT,YINIT,XCENT

ER,YCENTER,OTIME,FLUX,MAG, MERR yes >

r-result-1.txt

ecl> txdump *.mag.2 IMAGE,XINIT,YINIT,XCENT

ER,YCENTER,OTIME,FLUX MAG, MERR yes >

v-result-1.txt

FERFNZA R 2727 7 A4 /v % [rresult-1.txt |
lv-result-1.txt] &3 5.

75

77 AN ERE (UT), 7T v 7 R, HEBER,

2EDR Y L

b B

$ cat r-result-1.txt | awk '{ print $1",",$6",",$7",",
$8",".$9 }' > r-result-2.txt

$ cat v-result-1.txt | awk '{ print $1",",$6",",$7",",
$8",".$9 }' > v-result-2.txt

ST — FOEH
Windows O 7 F A K7 7 £ )L DWIT 2 — KX
CRLF (=0x0d,0x0a) T& % 2%, UNIX TIiX LF
(=0x0a) TH» 5. = T, Windows HiZekiT =
— REZEH|T 5.
g 2

$ cp r-result-2.txt r-result-3.txt

$ unix2dos r-result-3.txt
3

$ cp v-result-2.txt v-result-3.txt
$ unix2dos v-result-3.txt
RIZ Excel & MW,
FREH< .

T B BDERE R B R

4. BITHER

e 2k 5%k AEE 77 7ICL-b 0 E
5 &K 6 IR, X B RIS k3 D R EAm
CRAE IR REZ UT Th 5.

JERARIZIE, RSB T A oCH E

S

10 12 14 16 18 20
BZI(UT)

V1191Cyg DI R

A

14 15 16

04 -

045 -

05 -
2055 -
06 -
m
20,65 -
#

07 -

0.75 -

0.8

X5

< .

BFZICUT)

6  V0523Cas DL gy



D EALD IRy, BIRICEE L TWAE SN B
LT ENGnD. £, WOEKOHEM A2 KD
5.
O WMRKEEOE—7NEROE—7 £ TORH
@ MW/NEEOE—7 5RO E—27 ETOM
HEHBO LD D NIBED T T 7 &R &
R L, B Y 7 EHOVEKR - RO
A RD 5. QL QDM 2 FDOFHZE2 L 5
ZETENEBEOEMERD S, ANEEYIL V1191
Cyg 78 7 Wl 23 43 (X15) C, V0523 Cas (T 5 HF
375 (Xe6) &ienoiz
5. & 2

WM & b IR R R B 0,
TOXIIRETHIET, TOMRPANTES.
IRE 1 ANdm EICHIERN & 2

RE2: BT LTS
BE 1 L0, #ERS R-2OWEEARIZE -
TEATDZ L, RE2 LV, BEOWHD S ITMA
R/ NI I L L, SRRy 23 e 2

@0 00

X7 HEEI/NERHEE (42 : V1191 Cyg, 47 : V0523 Cas)

LA

V1191 Cyg DHEH

51T, WE 3: BORKE STV BRPL0R A
5 (M7 /), Zticky, BEoWPSL I
FR/INRFIZ 28 U 72 W IRERT A SR 8 B 2 & 23R
BHC&%. ZLT, XMy —4YL LT, 2O
HEX A X, HEORKERD, TNWKE XD
HERTHLIEBSE W HEW)THS. HHIX
TR 31 3 CTH DD, T RIXIEIE &L T
W5,

V0523 Cas DFE

EHIT, RE 4: ZO0ROKREJITIFIEHL
W (K7 A, EBLZ ALY, BEOoBHS ST
/NI RIS E LT 2 2 LB hD. £LT,
HEREEZZRBLTH, K6 LVbTFnTHLIN
Fhh (K6 /), mfs (K6 £ b b
TEDNHETELDT, ZODEDHD INPOR
BIDa RN HD. £, TWT—2 9L LT
V0523 Cas b BB <E WEEW)THY, BAHILS
e 31 0 CTHDHND, PR RITIZIE—HL T
W5,

76

=]

6. #&

) M) 0 A A TR L B R R A R L 72
ZONFEHFR D D NEEEH & B O KR/ NBERE B 5
L7=. V1191 Cyg [ZM/h23 40T, V0523 Cas 1
R &M/ AN I > & D LTz, V191 Cyg O
NI TIEH 203 502 Tid7e <, V0523 Cas
DT —ZIZHRTORBENRRE LTS, O
JERZIT V191 Cyg DL ICEENH D Z LIz X
LZHEEOEEL S &, A LEEEEDILEE (X
R=ZF T Y IRDOT- 100 53x100 43) & HfREE
NEK TRV NhEZEZBND.

ATFHTIE, FILLWEEHEZREALL TWDHDIT
Tl i ETITh o R FER EEBNKED
BT — 21358 b 5T TR, ARHHIZE Y,
mEHAEE V1191 Cyg, V0523 Cas (2% L THl
W — % LM 2 BN 5 2 E N TE .

£72, IRAF [Za~vr FASICLY, 7 —F%
KT AT OEEICERRY 7 by =T Th D
W, MFFEICE > TTBEREN. 22T, £
TIXT — 28K & o BRB 72 Fikad £ &
Oz,

R S oW EE 5| & i aooeEl
W2 L2 TRV, S%ITRDeER & 5y
HBRNIZHONWT, ERRCAOEBITMNZAKD
KB > AT 2T T, BIEE O &2 D
720,

SEIOBRNZSNT, BEOHEKE 2013 A% v 7,
XERKXR, FEAXN—ZAT— R ¥—0EHk
WCRBIMERICR D T L. ZZICESHRLET. &
¥, AREGH & RAEIXRF BB a (Ex
23501047) =% 7 TiTo7bDTHY, T ZITH
BAERLET.

2 & X K

1) J. Kallrath and E. F. Milone : Eclipsing Binary Stars: Modeling
and Analysis, Second Edition, Springer (2009).

2) RIFFAFH ORLSCRBID~—
http://eclipsingbinary.web.fc2.com/

3) JIEH L, IRAF IC LB 0T — 2 EHOTT9H
(2005 4E 5 H) -
http://www.bao.city.ibara.okayama.jp/koubo/manual/index.html

4 FA4 MI—TIRITDOFEIE ¢
http://www.toybox.gr.jp/mp366/lightcurve/ana_guide.html

5) SIMBAD Astronomical Database :
http://simbad.u-strasbg.fr/simbad/
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