ISSN 0286 — 0503

Research Reports of

Tokyo National College of Technology

RALERSFEMFR

WF % W o &

5 42(2) 5

2011.3



WO TSR R AR AR ey & 5842 (2)

Learning a Foreign Language from a Busy Person’s Perspective -----:--------

—Part 1: The Method Chosen for Learning Finnish—

Torsion points on elliptic curves with values in p-adic Lie extensions --------
P X - MG NLOFER 2 GaN #5535 1F 2 FEMM PFARE B --oeerrerr s
GEPRITIHE TT & L T O Bt - - v o v v e et

—EARGUR R R SR [ X ] o A ISy <—

AL F R IS 33T B R A & H AN A S OO I i) S5 - - v v

BFZF L 1F K T B IEIBREICET -+ oo o oeeeeeee oo e s oo

SICTFT W P T O AT BT L -+

Evaluation of Inherent Aerodynamic Characteristics of ------rrrrrrrrrrreereeeeeaan

Two Different Thick Blades Used as Wind Turbine Airfoils

ﬂﬂimﬁiﬂ:ﬂib SGIEIE T A B L 7B AR U S 3 IR L oORI IR o> -

A X B W3 IS KX OIE B O TR T AR AR oo 28 b & 3LE D o Gt B R iR

JHOTN X A JHUNZRVE A > 5 — 7 & A A OO ZRA v rrrrmmmm e

O3 A 25 2 JH U 7 il B A T R A LS B3 D AP FE -

HREGEHICHBIT DA T T X =0 ROPTEBH oo
— 52 ~ A 7 T SEAAR OB E & BRAR B4R —
GEEMr#TE F 23317 %5 CFRP/Aluminum AllOy rrrrrr e

HAHE R AQ 5 Ao S A K T oo A RR LIRS ST IRAT

FEEEPE TN < o 7 T o I B ILPRIE VLI D 7 1 NV T T LEARALE

TR PR T 35 1T B MES) HE I O Al AIE FFAIG T2 12 BY ST B BRET

Mk AP F T T 2 2 2 T REEEE CGRAGR) AL 0O L 55T

A7AH BR5EAH BE 125 2 FH v 7z iR b oo < — & e A

FEH FE U E 2 B U 7oA SRR

Ty R EHA LT S o0 SEELIZ 1G] V) 72 alAS A 0O — ARET
— R ROUIER A e L 72 B R SmAS O WFSE —

[ YILRET 22| 1 TIBUT D L4 E OHEME &
Y2 o TIOVERS O BHZEZ T 72 HL D AH A

------- ]
x

o)

Iy
B BE cINERUES

=
il
(ay

&
P

2
ey
%= AT
9
E 2
woow
= %
%
7 At
EA
5w

Sumio SAITO

Takahiro YAMASHINA

....... = OfE &b
R  #
------- WA o
& e A
------- Je oW Y6 W
|55 <y bS]
Tengku Muhammad Idris Al Ariff
HL gy 78E
"""" . 7]
% 5it)2 3
hEOHE W
b e
&4 5
de 1 S W
....... s~ ¥ oL
o Fae
BB R S
B 1 ] ST
s A I BB
R &
N O K =
FE R OHE W
A A =
E<l SR =
LA ) fiBc
B ot %
= &= JZn i
Uiz A ke —
HOwE =S W
FAN b
FA AT (WS
o A %K
FCONNRE S 11 B « £
e a0 e R
= T N ¢ < S 1 X
N OHE B Mg
X O OK
vE A
&y Eee
e
i
L*:‘ JE—
Hr

AT TV 1 ) BEEE RS O B RS Kk O B A R e AR JERR A~ oD s

U‘;ﬁﬁ%?ﬁ‘%%j ?jiﬂ:j(*ﬁ:} (]—_% \&%B —}L/\,\J'}LJL) ......................................

¥ IDHEEH #
¥E DE¥FE0E mEIREX

HEFBH BRZANEIW

ENIHES 4BE

H:

Pe2d

Y
p

%



Research Reports of Tokyo National College of Technology No. 42 (2)

John GATES cerceereerrenncenceances

Hajime NAKAZATO

Takeyoshi ONUMA  c---ecercneeeee

Keiichi ASANO ---------seeeneeeeens
Kiyoshi Tsubpa

Michiko FuNnaTO

Toshiyuki A1izawa

Tsunemi TAKEDA

Masatoshi FurRuyAa

Yutaka KAWAMURA

Koji KAwWAKITA

Sachi YOSHIDA crceccccceeceeceeeees
Tsunemi TAKEDA

Hideki USHIO -------------eeeneeeenns
Hideki OnnNoO

Koji KAWAKITA srcesccrrsseeccneeees

Sumio SAITO --------seeeeeeeeeeeeees
Takahiro Y AMASIHINA

Sumio SAITO ----------eeeeeeeeeeeens
Takahiro Y AMASHINA

Akihiro Suarmmizu
Hirosuke SuzukiI

Mitsunari KITAYAMA  -c--c-eccee-
Jun SHIRAKURA

CONTENTS

Learning a Foreign Language from a Busy Person’s Perspective
—Part 1: The Method Chosen for Learning Finnish—  -------cccercerceecenens 1

Torsion points on elliptic curves with values in p-adic Lie extensions --- 9

Size and orientation dependence on surface recombination
process in GaN CryStalS .................................................................. 15

Fostering practical competence through liberal arts: implementing
‘Liberal Arts Seminars’ for the senior students of TINCT -------cccccceenne--- 19

Collaborative LLearning among Foreign and Japanese Students

in the ‘CI‘OSS*CUltural Understanding’ ClaSS ....................................... 41
Physical class to improve the interest of students in physics =--------------- 49
Codes of Ethics for the Teaching Profession - - - - --srsrerrrcrctctcttaetaann 53

Evaluation of Inherent Aerodynamic Characteristics of
Two Different Thick Blades Used as Wind Turbine Airfoils------------oooov- 63

Research on Aerodynamic Characteristics of Thin and Thick Blades
depending on the Presence or Absence of Streaky Features formed
on the Blade Surface during Creation of Wind Turbine Airfoils

with Stereolithography ---cccccrrrrrrrrrrrreeeeoocooooooooooans 77
Development of Man-Machine Interface Driven

by Deformation of Cheek =---------srrrrrrneeiiitiiiiiittttttttt s 87
Research on Identification of Impact Force Using Strain Response--------- 91

Tengku Muhammad Idris Al Ariff

Shigeru KUROSAKI

Akira KAKUTA -cccceeccroseeeceeees
Susumu TARAO

Hirokazu SArro

Hirotaka TsuUTsuUMI

Jyvo SHIMURA

Mitsunari Kitavyama

Noritaka KOSAKA ..................
Jyo SHiMURA
Shigeru KUROSAKI

Hiroyuki NIKKUNT --------------c---
Masashi OHKAWA

Takurou HASHIMOTO  ------------
Atsushi Dol

Tomohiko OHTSUKA ---------------
Yuji TATEIZUMI

Tomohiko KiMmURrRA

Hiroyuki NIKKUNI

Satoshi MATSUOKA

Takenori N1TTA

Tomoyo MITANI

Keiichi SAsaAKr

Hiroyuki AOKI =-------seseeeeeeeeees
Masaya YOSHIZAWA

Hiroshi NAGAYOSHI ------======--
Kiyoyuki KOIKE

Nobukazu DoO1 ----------eeeeeeeeees
Naoya TAKIZAWA

Hidenobu SHIROISHI =---------------
Akihiro Smuimizu
Shigeo OHNUKI
Tomohiko OHTSUKA
Makoto NISHIMURA
Tohji Suzukr

Hiroshi FujiNno
Tsukasa FURUYA
Genichiro NAKAMURA
Takenori N1TTA
Akihiro Sarca

Setsuko KUI)O ....................
Hidenobu SHIROISHI

Akihiro Saica

Mitsuo T AKAHASHI

Hiroyuki Isuir

Tomoyo MITANI

Kiyoshi TSUDA -r-erroermemrmeeeee-s
Kan’ichi HANzAWA

New Twist for Micromechatronics in Tokyo KOSEN
—2nd Report, Fabrication and Mechanical Property
Of @ MICIrO StrUCtULrE@——  c---crrrsrrrtore ettt ittt ittt 95

Finite Element Stress Analysis for Single-lap Joints
Bonded CFRP and Aluminum Alloy under Tensile Loads-------------cc0ceeen 99

Dependence of Resonance Frequency on Diaphragm Thickness

in a Guided-Wave Optical Microphone =-------crreeerrrenerceerirceeneacen.. 105
A Study of Evaluation Method for Reactive Power Pricing

IN POWeEr SyStEITL --rr sttt ittt 109
Carrier up Seminar on Electrical Engineering for Regional Engineers

and its Case RepPOIrt - -ttt 115
Locating a Target in an Image Based on Phase Only Correlation =--------- 119

Electronic Engineering LLaboratory for Practical Electronic
DEVICE IDESIGIL -t ot s rtemttamta ettt ettt 123

A study of communication technology for realizing a ubiquitous

information society

(Study of long-distance radio communication method applying

spread SPECTIUIN) - - - s s s sttt 131

Implementation of safety education into Fundamental Engineering
Laboratory and effort for development of visual educational material------ 137

Application of a Total Alkalinity Titrator to LLaboratory Work by
Students of Chemical Science and Engineering,
and Advanced Engineering -------crcccsrrrerrrost ettt 141



HOR TSRS A e & 442 (2) %, 2011 1

Learning a Foreign Language from a Busy Person’s Perspective
—Part 1: The Method Chosen for Learning Finnish—

John GATES*

This paper shows that Kosen students learning English and Kosen teachers learning a foreign
language share the same problems of lack of time and motivation. Therefore, this paper outlines
how the method for learning a foreign language proposed by Farber can be applied to the study of
Finnish. By using this method to study Finnish, the author proposes to gain useful knowledge that
can be used to improve the teaching of English to Kosen students.

(Keywords: English education, Finnish, Farber’s method, foreign language learning, Kosen,
Lorayne’s memory method)

1. Introduction

There is a common saying in English, “You can’t understand someone until
you’ve walked a mile in their shoes.” This idea is especially true for English teachers
at a national college of technology (Kosen). Most of the Kosen students are very busy
with their classes and extra-curricular activities and also they are not highly motivated
to learn English because they can see no immediate need to use English. However,
most English teachers have a strong interest in learning English and use it on a daily
basis and therefore cannot fully appreciate the situation of most of the Kosen students.
This must naturally result in less than optimal teaching methods. Therefore, English
teachers should try to learn a foreign language in an environment similar to that of the
Kosen students in order to understand the situation of the students better and there by
find an optimal teaching method. To create this research environment, the author has
decided to study Finnish while teaching English at a Kosen. This paper will explain
the method chosen for learning Finnish while subsequent papers will document the
progress, observations and experiences of the author.

The paper is organized as follows; the next section will compare the
similarities between the author learning Finnish and the Kosen student learning English.
The third section will explain the method chosen for learning Finnish, which is based on
the method proposed by Farber [1]. The fourth section will present the evaluation
criteria used to measure the author’s progress in learning Finnish. The final section

will summarize the conclusions and present the future work.

* Department of Liberal Arts (English)
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2. Comparison of a Student Learning English and a Teacher Learning Finnish
The two main conditions that create a successful environment for learning a
language are motivation and time. If a person is not motivated to learn a language they
will not succeed no matter how much time they have. Also, if a person does not have
sufficient time to learn a language they will not succeed regardless of how strong their
motivation is. However, usually motivation is the largest condition as small amounts
of time may be created in a busy schedule for language learning if the motivation to

learn is great enough.

2.1. The Motivation of Kosen Students to Learn English

A small percentage of Kosen students really want to learn English for its value
in communicating with people outside of Japan. These students may want to learn
English communication skills in order to talk with non-Japanese people. Or they may
want to be able to read research papers written in English in order to understand the
latest technology in their field. Also these students may want to be able to give a
presentation in English or write a research paper in English. In any case, these
students will try hard to learn English and will most likely succeed. On the other hand,
a similar percentage of students strongly dislike studying English and have no
motivation to learn. These students will most likely fail to learn anything in class and
will probably fail the class or just do enough work to pass the course.

In general the majority of the students fall in between these two extremes and
they realize that learning English could have some advantages for their future but do not
believe it will impact their lives on a daily basis. Also, the advancement in translation
software, such as Google Language Tools [2], further reduces the motivation for
students to learn English. Therefore the greatest motivation for the majority of the
students is that English is a compulsory subject and if they do not pass their English
classes, they cannot advance to the next grade. In this case, the students will only
really study English when it is time for a test. The rest of their time they use only
Japanese. These students also will not progress very far in learning English unless the
method used to teach them is interesting or they can learn a lot with little effort on their

part.

2.2. The Motivation of a Kosen English Teacher to Learn Finnish
There is no great motivation for the author to learn Finnish. Finnish is spoken
by approximately six million people in the world [1] and therefore learning Finnish will

not greatly increase the communication opportunities of the author. Also, the author
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does not intend to live in Finland and so would not need to use the language for daily
life. The author’s Kosen does have an exchange program with Helsinki Metropolia
University of Applied Sciences and there is the possibility of visiting Finland or talking
with visiting students from Finland on campus. However, even in these situations,
English could be used as most Finnish people speak English fluently.

As the author is a native speaker of English and is living in Japan, the
environments in which English and Japanese were studied are completely different from
the environment of a Kosen student trying to learn English. Therefore, the greatest
motivation to learn Finnish is to understand how the majority of the Kosen students feel
when learning English and to use this understanding to find an optimal teaching method.
In this case, the level of motivation of an English teacher learning Finnish is a close

approximation to the level of motivation of a Kosen student learning English.

2.3. The Busy Lifestyle of the Kosen Student

Kosen students are busy. They have at least fifteen classes and one
experiment each week. The classes, such as engineering and mathematics, are also
high level classes that are taught at a very rapid rate. For example, calculus and linear
algebra are taught in the second year at a Kosen, while engineering students who attend
a regular high school and then go to university may not study these subjects until they
have entered university. In order for the students to advance in this environment they
need to study very hard. Also it takes a lot of time to write the lengthy reports for the
experiments.

Most students are also busy with extracurricular activities, such as sports or
other clubs. Many students require an hour or more to commute to school each day.
Therefore most Kosen students do not have a lot of free time to devote to studying a

foreign language.

2.4. The Busy Lifestyle of a Kosen English Teacher

Kosen teachers are also very busy. They must teach seven or eight classes
each week. The classes are usually ninety minutes long but most teachers spend a
considerable amount of time preparing for the classes. Also, many teachers have to
check homework or short tests or both each week.

In addition to the classes, Kosen teachers are required to supervise at least one
club, which requires the teacher to attend sporting events or other activities away from
the Kosen. Kosen teachers also have an official duty to perform at the school, such as

being a homeroom teacher or a vice president, etc.
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Also, there are many meetings that the teachers have to attend each week. In
addition, Kosen teachers are encouraged to perform research and publish papers. In
fact the amount of time the teachers spend in actual teaching is only a small fraction of
the total work required.

It can be seen that most Kosen teachers have little time to study a foreign
language, such as Finnish, just as most Kosen students have little time to seriously study
English. Also the motivation for studying Finnish is similar to the motivation of the
students for learning English. Thus, studying Finnish should create an environment
similar to that of the Kosen student learning English. This also suggests that the
method chosen for studying Finnish should reflect the needs of increasing motivation

and maximizing time.

3. The Method

The method chosen for learning Finnish is the one proposed by Farber in the
book How to Learn any Language. Quickly, Easily, Inexpensively, Enjoyably and on
your Own [1]. The title indicates this method is quick and enjoyable and therefore
meets the two requirements of time and motivation.  Before describing Farber’s

method in detail, the required materials must be described.

3.1. The Materials for Learning Finnish

Farber emphasizes that grammar is very important for learning a language and
a good grammar textbook is required. Therefore two Finnish grammar textbooks were
purchased [3][4]. Second, a dictionary is required, therefore a Finnish to English and
English to Finnish dictionary [5] was purchased and another free dictionary was
downloaded from the internet [6]. Third, a newspaper or magazine in the target
language is required. This was satisfied by choosing an online Finnish newspaper [7].

Fourth, a phrase book [8] was purchased as well as some blank flashcards.

3.2. The Method for Learning Finnish
3.2.1. Begin with Grammar

The first step proposed by Farber is to learn the first five chapters of the
grammar textbook. This is the most difficult part of learning the language as it is the
least interesting while at the same time it is the most important. The student should
spend some time and effort trying to understand everything in these grammar lessons.
However, if there are ideas that are difficult to understand they may be skipped and

returned to at a later time.
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Therefore, the first five chapters in both Finnish grammar textbooks will be
studied thoroughly. While studying these chapters, detailed notes will be taken of the
Finnish grammar, the time required and the difficulties encountered in learning the
grammar. Also, any insights for applying similar methods to the teaching of English will

also be recorded.

3.2.2. Read the Newspaper

Once the first five chapters of the grammar textbook have been studied
thoroughly the student should start reading an article from a newspaper or magazine
written in the target language. Start with the first paragraph in the article and highlight
every unknown word. It is possible that every word in the paragraph may be unknown.
Next, look up the meaning of each unknown word and write it on a flashcard. Several
flashcards of unknown words will be made from the first paragraph. These words
should be completely memorized. Then repeat the process of reading the next
paragraph, highlighting the unknown words, looking up the meaning, and making and
studying flashcards. Continue this process until the entire article has been read.
After reading the first article from the newspaper, the sixth chapter in the grammar
textbook should be studied. This process of reading an article from the newspaper and
then reading the next chapter in the grammar textbook should be repeated until the

entire grammar textbook has been read.

3.2.3. Studying Flashcards

Making and studying flashcards is the most important part of Farber’s method.
Reading real articles in the target language at this point will result in the student
encountering a lot of unknown vocabulary and grammar structures. So it is necessary
to organize and learn these new words effectively. Farber suggests that the flashcards
should be studied everyday and any time the student is free, even if it is only for a few
seconds.

In order to remember the words quickly and retain the meaning he recommends
the memory technique proposed by Lorayne [9]. Lorayne’s memory technique is to
make a ridiculous mental picture linking the unknown word to its meaning. For
example, the Finnish word for ‘cute’ is ‘sop6’ which is pronounced like ‘soupou’ and
this can be approximated as ‘soup.” So, to remember the meaning of ‘cute’, make a
mental picture of a big bowl of ‘soup’ being poured on a ‘cute’ girl. It is important that
the mental picture actually be seen for a fraction of a second in the mind. This mental

picture should be enough to recall the meaning of the word.
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Also, Farber recommends learning vocabulary by starting with the English
word and learning the equivalent word in the target language. This is opposite to the
usual way students learn a foreign language. Usually students try to remember the
meaning of the target word in the student’s native language. The reason for reversing
the order is that the purpose of learning a language is not to understand what the other
person is saying but to communicate with them by speaking. This is a more active

way to learn a language.

3.2.4. Read the Phrasebook

Once several articles from the newspaper have been read and several chapters
of the grammar textbook have been studied, the next step is to start learning the
phrasebook. This again is reversed from the normal way of learning a language where
the student begins by learning some simple phrases in the language and after several
months or years of study may begin to read real articles written in the target language.
The reason Farber reverses the process is that learning basic and important phrases can
be done much easier and the phrases become more useful after gaining a solid

foundation of grammar and a large vocabulary.

3.3. The Study Schedule

Learning a foreign language takes a lot of time so it is necessary to dedicate
some time each day for studying the language. However, determining the time
required to learn a language and how to find this time in a busy person’s daily schedule
is the most critical point of this research. Therefore a diary will be kept each day
consisting of the total amount of study time, the quality of the study and the level of
busyness for that day.

Arbitrary target times for daily study were chosen as a first step to find the
most appropriate study times. On days when a teacher has classes the amount of study
time is reduced and therefore the target study time was set at 30 minutes per day. On
weekdays when a teacher has no classes there should be more time for study so the
target study time was set at 60 minutes per day. On the weekends and holidays when a
teacher is at home the target study time was set at 15 minutes per day. Therefore a
Kosen teacher should be able to study about 210 minutes per week. A Kosen student
takes three 90 minute classes per week, which is equivalent to 270 minutes per week.
Therefore the proposed amount of study time is of the same order as that of Kosen
students.

One of the major principles of Farber’s method is to use “hidden moments.”
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“Hidden moments” means using all free moments to study the language. The size of a
“hidden moment” may be as small as five or ten seconds, such as when waiting for an
elevator. Farber suggests that the learner should study flashcards during these short
intervals. Longer “hidden moments” may be obtained by listening to recordings of the
target language while doing other work. “Hidden moments” help the learner to find
extra study time outside of the proposed target study times. Also, they help to keep the

learner interested in learning the language.

4. Evaluation Criteria

In order to evaluate the progress of learning the language and to decide at what
point it can be said that the language has been “learnt,” it is necessary to define some
quantitative levels of fluency. These levels are based on the four principle language
skills of reading, listening, speaking and writing. The levels were arbitrarily chosen
and are much lower that those of a native speaker. However, if these levels are
obtained then the learner will be at a sufficiently advanced level that it would be easy to
increase the level of fluency, if necessary.

Since reading is the fastest way to gain fluency in a foreign language most of
the learning activities proposed by Farber are based on reading. Therefore the reading
level must be very advanced. The arbitrary level for reading ability is to be able to
read a 200 word article from a Finnish online newspaper in 5 minutes with at least 70%
comprehension. The target of 200 words refers to the number of words in the article
after it has been translated into English using Google translation software [2]. It is
necessary to use the number of words after the article has been translated into English to
provide a constant basis of comparison, because there is not a one-to-one
correspondence of words in different languages. In order to measure the
comprehension level, the ratio of known words to unknown words will be calculated.
Also a qualitative estimate of the overall comprehension will be used. At first, it is
doubtful that 200 words can be read in 5 minutes. Therefore until the reading speed
has advanced to a sufficient level, the time taken to read the article will be used as a
measure of reading comprehension.

For listening, the fluency level will be a qualitative estimate of more than 50%
comprehension when listening to a Finnish newscast on the internet. For speaking, the
fluency level will be speaking about general topics with a native speaker for 30 minutes
in Finnish with about 70% comprehension. For writing, the fluency level will be
writing a letter or email in Finnish containing relatively few grammatical and spelling

errors. The length of the letter should be equivalent to 200 English words and it
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should be completed within 20 minutes.

5. Conclusion and Future Work

This paper has compared the similar problems of lack of time and motivation
that are faced by a Kosen student learning English and a Kosen teacher learning a
foreign language. Then the language learning method proposed by Farber was
presented and adapted to the study of Finnish. This method can be summarized as
learning the basic grammatical points of the language and then reading articles written
in the language to learn new vocabulary. This vocabulary is then memorized using the
memorization techniques proposed by Lorayne. This paper also proposes minimum
levels of fluency for the four basic skills of reading, listening, speaking and writing.

For future work, a Kosen teacher will study Finnish using the proposed method
until the proposed fluency levels have been acquired. While studying, a detailed
record will be kept of the total amount of time used, the quality of that study time, any
problems encountered and how they were overcome and also any insights into how a
busy person can learn a new language effectively. By analyzing this data, new ideas

should be generated that can be used to improve Kosen English education.
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Torsion points on elliptic curves with values
in p-adic Lie extensions

*®

Hajime NAKAZATO

We consider the torsion part E(L)wors of the Mordell-Weil group E(L) of an elliptic
curve E/F defined over F with values in a compact p-adic Lie extension L/F. If E
has no complex multiplication, then there exists a finite set S of primes such that
the ¢ -primary part E(L){¢} = 0 for ¢ & S.

(Keywords: elliptic curve, p-adic Lie extension, torsion point)

1. Introduction

Let E/F be an elliptic curve over a number field F'. We assume that F
has no complex multiplication over any finite extension of F'.

Let p be a prime. We say that L/F is a p-adic Lie extension if L/F is
Galois and it is such that Gal(L/F) is topologically isomorphic to a compact
p-adic Lie group G. From now on, we assume that L/F is a p-adic Lie
extension and G = Gal(L/F).

Let E(L) be the Mordell-Weil group of E with values in L. Using the
notations of [7], for a positive integer m and a point P on E(L), we let

[m|P =P +---+ P (m terms).
Let E(L)rs be the subgroup of torsion points on F(L):
E(L)ors = {P|P € E(L),3Im € Z such that m > 0 and [m]P = 0},

For a prime ¢, F(L){¢} denotes the ¢-primary part of the torsion subgroup
E(L)tors:
E(L){¢} ={P|P € E(L),3n € Z such that n > 0 and [¢("|P = 0}.
We define the non-p-primary part E(L){non-p} of E(L);srs by
E(L){non-p} = €D E(L){¢}.
t#£p

Therefore we have E(L)is = E(L){p} & E(L){non-p}.
As for the ¢-primary part E(L){¢}, Mazur[1] obtained the following:

*k Department of Liberal Arts (Mathematics)
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Theorem (Mazur). If { # p, then E(L){{} is a finite group.
In this paper, we will obtain the following:

Theorem 1. There exists a finite set S of primes such that E(L){{} =0 for
each { & S.

Therefore E(L){¢} = 0 for almost all /. We will describe the finite excep-
tional set S of primes, by the data of E/, F), L and p. Using Mazur’s Theorem
and Theorem 1, we obtain the following:

Corollary 2. The non-p-part E(L){non-p} is a finite group.
On the other hand, Zerbes[8] obtained the following:
Theorem (Zerbes). If E(L){p} # E,~, then E(L){p} is a finite group.

Hence, by Corollary 2, we get the following corollary about the structure of
E (L )tors .

Corollary 3. (i) E(L){p} is finite <= E(L)iors 1 finite,
(11) E(L){p} is infinite <= E(L)iors is infinite <= F(Ep~) C L.

In our previous paper [3], we obtained a similar theorem for the case of
G = GLy(Z,). Hence Theorem 1 in this paper is a generalization of the old
theorem by another method.

Notation. Let Z be the integer ring. For a prime p, Z, denotes the p-adic
integer ring, Q, denotes the field of fractions of Z, and F, denotes the field
Z/pZ. For a number field F, F denotes an algebraic closure of F. For a

positive integer m, E,, denotes the kernel of multiplication by [m]| on E(F).

2. Preliminary

We use the following definitions of Serre[5], IV-25. For a profinite group
G and a simple group H, we say that H occurs in G if there exists closed
subgroups Gy, Gs of G such that G is normal in G5 and G5 /G is isomorphic
to H. We denote by Occ(G) the set of classes of finite non abelian groups
occurring in G.

Our definition of standard subgroups follows Serre[4], part II, ch. IV, 8.
Let U be a p-adic Lie group of dimension d, and let XY denote sets of
d variables (X1,...,Xy) and (Y7,...,Yy), respectively. We say that U is a
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standard group if it is topologically isomorphic to the set {(g1,...,94) : g; €
pZ,} with group operation given by a formal group law F'(X,Y") € Z,[[X, Y]].
We recall the following facts about standard groups from [4].

Lemma 4 ([4], part II, ch. 1V, 8). Every p-adic Lie group G has an open
subgroup U which is a standard group.

Lemma 5 ([4], part II, ch. IV, 9, Cor. 2 of Thm. 2). If p-adic Lie group U is
standard, U is a projective limit of finite p-groups {U,} and each morphism
U — U, 1is surjective.

Recall the following two facts from [5], [V-25.

Fact A. If a profinite group G is an extension of profinite groups G’ and G”
ie. 1 -G — G — G" — 1 1is exact, then

Occ(G) = Oce(G") U Oce(G").
Fact B. If a profinite group G is a projective limit of {G,} :
G = 1£n Gao
and each morphism G — G, is surjective, then

Oce(G) = | J Oce(Ga).

Using the above facts we get the following:
Lemma 6. If U is a standard group, then Occ(U) = ¢.

Proof. As a finite p-group G is solvable. Using Fact A repeatedly, we have
Occ(G) = ¢ for every finite p-group G.

By Lemma 5, U is a projective limit of finite p-groups {U,} and each
morphism U — U, is surjective. Using Fact B and the fact that U, is a finite
p-group, we have

Oce(U) = | JOce(Un) = Jo = ¢. O

Lemma 7. If G is a compact p-adic Lie group, then Occ(G) is a finite set.

11
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Proof. Since G is a compact p-adic Lie group. By Lemma 4, there exists an
open normal standard subgroup U of G. Using Fact A and Lemma 6, we
have

Oce(G) = Oce(G/U) U Oce(U) = Oce(G/U).
As G/U is a finite group. The set Occ(G) is finite. O

3. Proof of Theorem 1
We define the Serre set of E/F to be

S(E/F) = {{| ¢ is a prime such that Gal(F(E,)/F) 2 GLy(F,)}.

For we assume that E has no complex multiplication. By the celebrated
theorem due to Serre[6], the Serre set S(E/F') is finite.
The following lemma is well-known:

Lemma 8. If ¢ is a prime such that ¢ > 5, then PSLy(IFy) is a non abelian
simple group.

Using this lemma, we define a set .S of primes by
S=S(E/F)U{p,2,3}U{{ ¢is a prime such that PSLy(F,;) € Occ(G)}.

By Lemma 7, S is a finite set. By the definition of .S, if a prime /¢ is not con-
tained in S, then (i) Gal(F(FEy)/F) = GLy(F,) and (ii) PSLy(F,) & Occ(G).

Lemma 9. For a prime ¢, if { € S, then E(L), = 0.

Proof. We assume that ¢ ¢ S. If E(L), # 0, then there exists a non-zero
point z € E(L),. We define an [, vector subspace of E(L), by

V = F,[Gal(F/F)]2 ¢ E(L),.

As z # 0, dimg, (V) =1 or 2.
Case 1: dimg, (V) = 1.

The F, vector subspace V C FE, is Gal(F/F)-stable. Considering the
representation p, defined by the action Gal(F/F) on Ej;

,O_g . Gal(F/F) e Aut(Eg) = GLQ(FE),

we see that the image of Gal(F'(Ey)/F') is contained in a certain Borel sub-
group of GLy(FF,). This fact contradicts (i) Gal(F(Ey)/F) = GLy(Fy).
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Case 2: dimy, (V) = 2.
Since dimg,(E;) = 2. We have E, = V. As E, =V C E(L);, we have
F(Ey) C L. Thus there exists a surjective homomorphism

¢:G=Gal(L/F) — Gal(F(E,)/F) = GLy(IF).
Hence, by Fact A, we have
Occ(G) D Oce(GLy(Fy)) o PSLy(TFy).

This contradicts (ii) PSLy(IF,) & Occ(G).
Therefore we have E(L), = 0. O

As E(L); =0 <= E(L){¢} =0, Lemma 9 implies Theorem 1.
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Size and orientation dependence on surface recombination process in GaN crystals

Takeyoshi ONUMA

Influences of the surface recombination on the emission properties of the freestanding GaN
with different polarity (+c¢ and -c orientations) and forms were investigated. The time-resolved
photoluminescence measurements for the GaN pieces fabricated by cleaving the substrate indicated
that the increase in surface/volume ratio leaded to the increase in the surface recombination rate
even at low temperature. The excitation power density dependent photoluminescence measurements
on as-received and buffered hydrofluoric acid treated c-plane GaN surfaces indicated that the surface
band bending was closely related to the surface recombination processes.

(Keywords: GaN, surface recombination, photoluminescence, time-resolved photoluminescence)
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Fostering practical competence through liberal arts: implementing
‘Liberal Arts Seminars’ for the senior students of TNCT

Keiichi AsaNo, Kiyoshi Tsuba, Michiko FUNATO, Toshiyuki A1zAwA,
Tsunemi TAKEDA, Masatoshi Furuya, Yutaka KAwAMURA, Koji KAWAKITA

This paper aims to report on the project designed for improving the quality of the Liberal Arts
Seminars by the teachers of the Department of Liberal Arts at Tokyo National College of Technology
(TNCT). In 2008 “the project team for reinforcing liberal arts education” was formed. In 2009,
intensive discussion was held in order to examine what kind of liberal arts education was required to
nurture ‘top engineers at TNCT and the teachers of English were invited to join the project. Each
member of the project team worked on their own classes to improve the quality of teaching liberal
arts. In this paper, we propose the goal of liberal arts education that we came up with through the
discussion and report on the practice of teaching liberal arts that we conducted in the previous year.
Lastly, we present the revised outline of ‘Liberal Arts Seminars’ for the year of 2011.
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Collaborative Learning among Foreign and Japanese Students
in the ‘Cross-cultural Understanding’ Class

Sachi YosumpA and Tsunemi TAKEDA

In this paper, we report on the collaborative learning among foreign and Japanese students
in the ‘Cross-cultural Understanding class of Tokyo National College of Technology. The class
was previously called ‘Japanese Studies, exclusively offered to foreign students. In 2010 it was
reorganized in such a way that both foreign and Japanese students can take and the course title was
changed to ‘Cross-cultural Understanding.

In the new class, where the collaborative learning among the students was possible, the chance of
the exchange between foreign and Japanese students increased, and further understanding among
them was fostered. Attitudes of both foreign and Japanese students seemed to affect each other
positively and meaningful interactions among them were observed.

(Keywords: collaborative learning, cross-cultural understanding)
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Physical class to improve the interest of students in physics
Hideki UsHio and Hideki OHNO

The physics classes with scientific experiments have been implemented since 2009 to improve the
interest of student in physics. In 2010, three kinds of experiments were done as follows; “rainbow
experiment’, “mirage experiment’ and “polarization experiment’. The participants were impressed
by these experiments and gained a curiosity and an interest in physics. It has been concluded that
the scientific experiments class would be one of effective study method.

(Keywords: physics classes, scientific experiments)
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Codes of Ethics for the Teaching Profession

Koji KAWAKITA

The teaching profession can learn from codes of educational ethics such as the Code of Educational
Ethics made by the Hokkaido University in 2009 and the Code of Ethics for Registered Teachers
established by the New Zealand Teachers Council in the year 2003.Meanwhile the Code of Ethics
of the Japan Society for Engineering Education (JSEE) can and should be a model case of the multi-
professional code of ethics which includes at once the engineering, the research and the educational

ethics. So some revisions of this JSEE Code of Ethics (declared in 2010) seem to be advisable.
(Keywords: Code of Ethics, Educational Ethics, Engineering Ethics)
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Evaluation of Inherent Aerodynamic Characteristics of
Two Different Thick Blades Used as Wind Turbine Airfoils

Sumio SAITo* and Takahiro YAMASHINA™

Wind turbines with propeller-type rotors on a horizontal axis employ turbine blades, the thickness
ratio of which is small at the blade tip (thin blade) and is large at the blade root (thick blade), to
effectively catch aerodynamic forces commonly represented by lift and drag determined by blade
rotational direction and wind flow on the area across the blade from the tip to the root. The previous
paper focused on small wind turbines, the Reynolds number of which is an order of magnitude
smaller than that of actual middle or large wind turbines. This paper employs two different
thick blades having airfoil shapes that likely affect aerodynamic characteristics and divides the
aerodynamic characteristic curve of each blade into three regions, and it examines the effect of blade
surface roughness on the characteristics in connection with the flow conditions around the blades.

(Keywords: Wind Turbine Blade, Thick Blade, Aerodynamic Characteristics, Pressure Distribution,

Flow Visualization)

1. Introduction

Actual large wind turbines with propeller-type rotors on a horizontal axis employ wind
turbine blades, the thickness ratio 0 (ratio of the maximum blade thickness 7 to the chord
length C) of which is small at the blade tip (thin blade) and large at the blade root (thick blade).
For wind turbine systems, the wind turbine power and the generator rotation speed are
controlled for overall system optimization [1], [2], [3], [4]. Regarding the entire structure of
wind turbine blades, it has also been recognized that the improvement of the aerodynamic
characteristics of the airfoil at each blade portion is important.

The previous paper [5] focused on small wind turbines, the Reynolds number of which is an
order of magnitude smaller than that of actual middle or large wind turbines. As a first step in
optimizing the airfoil shape along the entire section of wind turbine blades, the paper
employed the typical airfoil shapes of actual thin and thick wind turbine blades to study their
basic aerodynamic characteristics and flow conditions around the blades at different angles of

attack, including those before and after stalls.

* Department of Mechanical Engineering
% Tokyo Institute of Technology, Interdisciplinary Graduate School of Science and Engineering,
Department of Environmental Science and Technology
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The previous study observed that, depending on the angle of attack, the thin blade stalled
once, while the thick blade stalled twice. It revealed that the stall was related to the flow
conditions around the blades, which were significantly affected by the geometric shape of each
airfoil from the leading edge to the thickest portion.

However, blades with the same thickness ratio may have different airfoil shapes according
to the manufacturer and produce different flow conditions at the same angle of attack,
indicating different blade characteristics.

Many studies have reported how various airfoil shapes affect aerodynamic characteristics
[6], [7], [8], [9],but most of them have mainly presented the results obtained with large
Reynolds numbers, and few data obtained with small Reynolds numbers are available [10].
Furthermore, while the variation of aerodynamic characteristics due to blade surface roughness
has been reported [11], its relationship to the flow conditions around blades has not been fully
explained.

This paper employs two different thick blades having airfoil shapes that likely affect
aerodynamic characteristics and divides the aerodynamic characteristic curve of each blade
into three regions at the low Reynolds number condition, and it examines the effect of blade
surface roughness on the characteristics in connection with the flow conditions around the

blades.

2. Airfoils under Test and Experimental Apparatus

2.1 Airfoils under Test

The previous paper [5] employed “DU97-W-300 [6]” developed by Delft University of
Technology in the Netherlands as a thick blade. Compared with a thin blade, the paper
determined that the thick blade exhibited characteristic variations in the characteristic curves
of lift and drag coefficients in relation to the angle of attack. To clarify whether this feature is
inherent in thick blades, this paper employs “Riso A-30 [7]” with the same thickness ratio and
a different airfoil shape, developed by Riso National Laboratory in Denmark, as an additional
airfoil under test.

Figure 1 shows the shape of each airfoil. For the shape from the leading edge to the thickest
portion, “DU97-W-300" has a smaller curvature than that of “Riso A-30.”

Both airfoils have a thickness ratio ¢ of 30 %, a chord length C of 120 [mm], a spanwise
length of 298 [mm], and an aspect ratio of 2.48.

Since both airfoils were made from stereolithography resin, their blade surfaces have
streaky features, each with a thickness corresponding to the layer width. In this paper, blades

b

with such features left on the blade surface are called “rough blades,” while those having a

sandpapered blade surface are called “smooth blades.” This paper evaluates rough blades by
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" DU97-W-300 Riso A-30

Fig. 1 Airfoil shapes

using the surface roughness value.
Table 1 shows two surface roughness levels for each airfoil. These measurements show the
average value of arithmetic average roughness Ra on the upper and lower surfaces of each

blade in the flow and span directions, determining that both airfoils have similar values.

Table 1 Blade surface roughness (“DU97-W-300” and “Riso A-30”)

Foughness Rz| Flow direction | Span direction
rough 22. 3] pm] 1.3 pum]
stnooth 0.7[ ] 0.7 ]

2.2 Experimental Apparatus

Figure 2 shows the same wind tunnel model as used for the experiments in the previous
paper [5]. The small wind tunnel (1) has a cross section of 400 [mm] high and 300 [mm] wide
at the outlet and is capable of performing experiments at a wind velocity of up to 20 [m/s]. The
wind velocity can be adjusted by opening and closing the damper (2) at the wind tunnel inlet.

An airfoil under test (3) has a spanwise length of 298 [mm] as described above. The airfoil
mounting shaft penetrates clear acrylic plates that surround both sides of the airfoil with the
top and bottom sides left open; the shaft is connected to a strain gauge type multi-component
load cell (5) for the measurement of lift and drag forces.

To measure the wind velocity U, a JIS-compatible pitot tube [6 mm in diameter] (6) and a
tilting manometer (7) are used. The lift force L and the drag force D on the blade are recorded
on a multiple pen recorder (10) and a PC from the multi-component load cell via a calibrator
(8) and an amplifier (9).

In the experiments, the airfoil was set at each angle of attack with the wind tunnel fan

stopped, and then the fan was started to obtain experimental data.

(10) (9) (8)(7) 4)

= SN

(2) (Ly (30 3) (6)
Fig. 2 Experimental apparatus
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3. Experimental Results and Discussion

3.1 Aerodynamic Characteristics of Two Different Thick Blades (Effect of Blade Surface
Roughness)

For the two surface roughness levels of “DU97-W-300” and “Riso A-30,” Figures 3 and 4
show variations in the lift coefficient C; and the drag coefficient Cp with the angle of attack a
ranging from 0° to 30° and the Reynolds number Re =1.4x10°.

In Figure 3, the characteristic curves of “DU97-W-300" show that the smooth blade stalls
twice at @ = 10° and 26° (“first stall” and “second stall”), while the rough blade stalls only
once at a high value of a = 26°.

The lift coefficient of the rough blade is smaller than that of the smooth blade at a = 0° to 8°,
but the former is larger than the latter at higher angles of attack. The drag coefficient of the
rough blade is smaller than that of the smooth blade up to a = 22°, but the former is larger than
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Fig. 3 Aerodynamic characteristics (“DU97-W-300")  Fig. 4 Aerodynamic characteristics (“Riso A-307)

the latter at or above the angle of attack at which the second stall occurred.

As is the case with “DU97-W-300,” Figure 4 shows that the smooth blade of “Riso A-30”
stalls twice at @ = 8° and 26°, while the rough blade stalls only once at a high value of a = 26°.

The lift coefficient of the rough blade is smaller than that of the smooth blade at « = 0° to
8°, but the former is larger than the latter at higher angles of attack. The drag coefficient of the
rough blade is smaller than that of the smooth blade up to @ = 18°, but the former is larger than
the latter at higher angles of attack.

In Figures 3 and 4, the aerodynamic characteristic curves of the blades represented by the
curves of lift and drag coefficients in relation to the angle of attack determine that the blades
of both types with a higher surface roughness value provide a larger lift coefficient. The
variation of the characteristic curves also shows that their gradient differs according to the

blade’s surface roughness level and the region of angles of attack, indicating that this variation
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process is characteristic of the thick blades.

Based on these observations, the aerodynamic characteristics of “Riso A-30” can be divided
into three regions, as is the case with “DU97-W-300.” This paper classifies the characteristics
of both airfoils as follows:

Region I: Region ranging from a = 0° to the angle of attack before the “first stall,”

Region II: Region ranging from the angle of attack after the “first stall” to that before the
“second stall,” and

Region III: Region of angles of attack after the “second stall.”

3.2 Basic Patterns of Flow behind Blades and Pressure Distribution on the Blade

Surface in Each Region

For each region classified above, the flow behind the blades and the behavior of flow on the
blade surface were observed by the tuft method in addition to the measurement of pressure
distribution on the blade surface.

Specifically, as in the previous paper [5], the pressure distribution was measured by
providing eight and six pressure holes of 0.5 [mm] in diameter on the upper and lower surfaces
of each blade at the spanwise cross section of the blade center. The flow behind each blade and
the behavior of flow on the blade surface were observed by the tuft grid method and the
surface tuft method, respectively [5].

Figure 5 illustrates the pressure distribution on the blade surface and the flow behind the
blade at o = 4°, 20°, and 30° in the regions classified above for the smooth blades of “DU97-
W-300" and “Riso A-30.”

In each pressure distribution graph, the corresponding airfoil shape is shown in relation to
x/C by using long dashed double-short dashed lines.

At o = 4° in Region I, the flow from the upper surface to the lower surface of the blade can
be observed at the trailing edge for both “DU97-W-300" and “Riso A-30.”

Regarding the pressure distribution, the value of the pressure on the upper surface of both
blades is maximally negative at a position about 20 % of the chord length and shifts in the
positive direction almost linearly toward the trailing edge. For both blades, the pressure on the
lower surface is nearly uniform in the section beyond about 13 % of the chord length and
distributed similarly.

At a = 20° in Region II, both blades produce turbulent flow behind them; it has been
determined that the flow behind the blade becomes more turbulent as the angle of attack
increases.

The pressure distribution on the lower surface of both blades is almost the same.
However,the absolute value of the pressure on the upper surface of “Riso A-30” is higher than

that on the upper surface of “DU97-W-300.” In particular, the pressure difference between the
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Region I (o = 4°) Region II (o = 20°) Region III (a = 30°)
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Fig. 5 Pressure distribution and flow visualization

(smooth blades of “DU97-W-300” and “Riso A-30")

upper and lower surfaces of “Riso A-30” is large in the section from the leading edge to about
40 % of the chord length. This result agrees with the fact that the lift coefficient of “Riso A-
307 is larger than that of “DU97-W-300.”

In Region III after the stall, the flow is separated at the leading edge of both blades to cause
the formation and growth of a pair of vortices near the leading edge on the upper surface (see
photos in Figures 10 and 11). In addition, the tufts across the upper surface indicate a highly
turbulent flow. In Region III after the stall, the flow on the lower surface remains almost
unchanged from that in Region II. The tufts are in the flow direction, but it can be observed
that the flow rolls up toward the upper surface at the trailing edge.

For the pressure distribution of both blades in Region III, the absolute value of the pressure
coefficient Cp on the upper surface is significantly lower than that in Region II in the section
up to about 40 % of the chord length and is nearly uniform across the entire chord length. The

pressure distribution on the lower surface of both blades is similar.
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3.3 Aerodynamic Behavior at Low Angles of Attack

As shown in Figures 3 and 4, both thick blades “DU97-W-300" and “Riso A-30” exhibit
characteristic variations in the lift coefficient at low angles of attack depending on the surface
roughness level.

In other words, the rough blades exhibit no decrease in the lift coefficient around a = 8°,
while the smooth blades of “DU97-W-300” and “Riso A-30" cause a decrease in the lift
coefficient, or a stall, at @ = 10° and 8°, respectively. As described above, the stall at these
angles of attack is called “first stall,” as distinguished from the “second stall” at o = 26°.

The following sections examine the flow behavior of each rough blade with a = 6° and 8° at
which the lift coefficient is almost the same, as well as the flow conditions of the smooth

blades at the angles of attack before and after the “first stall.”

3.3.1 Flow Mechanism on the “Rough” Blades at Low Angles of Attack

(a) Flow mechanism on “DU97-W-300”

For the rough blade of “DU97-W-300,” Figure 6 shows the pressure distribution on the
blade surface and the behavior of the flow behind the blade with a = 6° and 8° at which the lift
coefficient is almost the same. In the pressure distribution graph, the corresponding airfoil
shape is shown in relation to x/C by using long dashed double-short dashed lines.

At o = 6°, the behavior of the tufts indicates that the flow behind the blade is directed from
the upper surface to the lower surface.

At o = 8°, both flows on the upper and lower surfaces travel along the blade, and the tufts
are in the flow direction behind the blade. This slight difference in flow pattern is reflected in
the pressure distribution on the blade surface.

In the section from the leading edge to about 30 % of the chord length, the pressure
difference between the upper and lower surfaces at ¢ = 8° is larger than that at a = 6°,

resulting in a slight increase in the lift coefficient. This result agrees with the fact that the
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flow condition around the blade at a = 8° is better than that at a = 6° as described above.

(b) Flow mechanism on “Riso A-30”

For the rough blade of “Riso A-30,” Figure 7 shows the pressure distribution on the blade
surface and the behavior of the flow behind the blade at low angles of attack a = 6° and 8°.

At a = 6°, the pressure difference between the upper and lower surfaces is present, and the
flow behind the blade is apparently turbulent.

At o = 8°, unlike the case of “DU97-W-300,” the pressure distribution curves for the upper

and lower surfaces intersect at a position about 20 % of the chord length from the leading edge.
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Fig. 7 Pressure distribution and flow visualization (rough blade of “Riso A-30")

However, the lift coefficient decreases, and the flow behind the blade is less turbulent.

This result may be attributed to the fact that streaky features generated in the fabrication of
the “DU97-W-300” and “Riso A-30” airfoils from stereolithography resin act to suppress the
small separation of flow from the blade surface.The airfoil curvature from the leading edge to
the thickest portion is different between “DU97-W-300” and “Riso A-30” , and this difference

may cause the variation in pressure distribution tendency between them.

3.3.2 Aerodynamic Behavior of the “Smooth” Blades Before and After the “First
stall”

(a) Flow mechanism on “DU97-W-300" before and after the “first stall”

For the smooth blade of “DU97-W-300,” Figure 8 shows the pressure distribution on the
blade surface, the behavior of the flow behind the blade (photos in the left column for each
angle of attack) and the flow on the blade surface (photos in the right column for each angle of

attack) at & = 8° and 10° before and after the first stall.
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Fig. 8 Pressure distribution and flow visualization (smooth blade of “DU97-W-300")

At o = 8° before the first stall, the tufts on the upper surface are in the flow direction at the
leading edge (abbreviated as L.E in the figures), indicating that the flow is almost laminar.

However, it can be seen that the tufts are directed toward the lower surface near the trailing
edge (abbreviated as T.E in the figures); the generation of a pair of small vortices is found on
the lower surface.

At a = 10° after the first stall, the flow on the lower surface travels along the blade, as
determined by the observation of the flow behind the blade.

For the pressure distribution on the upper surface at a = 8° before the first stall, the pressure
increases in the negative direction in the section from the leading edge to about 20 % of the
chord length and gradually shifts in the positive direction toward the trailing edge.

At a = 10° after the first stall, the absolute value of the pressure is smaller than that before
the stall in the section beyond about 10 % of the chord length. This result suggests that, at a =
10°, the small separation of flow occurs close to the leading edge, but the flow is soon attached
to the blade surface and travels along the blade at the rear of the blade.

Both at & = 8° and 10° before and after the first stall, the pressure on the lower surface
decreases in the section up to about 13% of the chord length. Then, the pressure shows a nearly
uniform distribution toward the trailing edge.

(b) Flow mechanism on “Riso A-30” before and after the “first stall”

For the smooth blade of “Riso A-30,” Figure 9 shows the pressure distribution on the blade
surface, the behavior of the flow behind the blade, and the flow on the blade surface at a = 6°
and 8° before and after the first stall.

The pressure distribution on “Riso A-30” at o = 6° before the first stall is similar to that on
“DU97-W-300" at a = 8°. In the vicinity of the rear of the blade, it can be observed that the

tufts are directed toward the lower surface.
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Fig. 9 Pressure distribution and flow visualization (smooth blade of “Riso A-307)

At o = 8° after the first stall, the pressures on the upper and lower surfaces are almost the
same as those before the stall in the section up to about 5 % of the chord length. Then, the
absolute value of the pressure on the upper surface after the stall is lower than that before the
stall toward the trailing edge.

For both “DU97-W-300" and “Riso A-30,” these pressure distributions indicate that the
pressure difference between the upper and lower surfaces after the first stall is smaller than
that before the stall, agreeing with the decrease in the lift coefficient C;.

The small separation of flow from the upper surface occurs close to the leading edge, but the
flow is soon attached to the blade surface and travels along the blade at the rear of the blade,

as 1s the case with “DU97-W-300.”

3.4 Aerodynamic Behavior at Angles of Attack Before and Afterthe “Second stall”
For both “DU97-W-300” and “Riso A-30,” the lift coefficient C; increases at angles of

attack after the first stall, and the “second stall” occurs at higher angles of attack, that is,
ranging from a = 24° to 26°.

Figures 10 and 11 illustrate the pressure distributions on the upper and lower surfaces, as
well as the flow on the blade surface, at a = 24° and 26° before and after the second stall for
the smooth blades of both types.

For both blades, the tufts on the upper surface at a = 24° before the second stall are
converging toward the center of the trailing edge. In this condition, a pair of small vortices is
present at the rear of the blade, and it can also be observed that the tufts on the lower surface
roll up toward the upper surface at the trailing edge.

The flow on the lower surface is laminar in the flow direction, significantly differing from
that on the upper surface.

For both blades, the pressure on the upper surface at a« = 24° before the second stall shows a
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Fig. 11 Pressure distribution and flow visualization

(smooth blade of “Riso A-30,” a = 24° & 26° around the 2nd stall)

high negative value at the leading edge and shifts in the positive direction almost linearly in
the section up to about 30 % of the chord length. The pressure is almost uniform in the section
from about 30 % of the chord length to the trailing edge.

On the lower surface, the pressure coefficient Cp increases in the positive direction in the
section from the leading edge to about 5 % of the chord length, while the positive pressure
decreases in the section from about 5 % to about 30 % of the chord length and then gradually
increases toward the trailing edge. The pressure coefficient Cp on the lower surface after the
second stall remains almost unchanged from that before the stall, and the pressure distributions

on both blades are extremely similar.

For both blades at a = 26° after the second stall, the flow is separated at the leading edge,
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causing the formation and growth of vortices near the leading edge on the upper surface. In
addition, the tufts across the upper surface indicate a highly turbulent flow.

In this condition, the stall occurs over the entire blade, and the pressure coefficient Cp on
the upper surface is nearly uniform across the entire chord length.

Thus, the pressure distributions on both blades before and after the second stall are
significantly different from those before and after the first stall. In particular, as suggested by
the fact that the pressure distribution on the upper surface is drastically different, an inherent
property of the thick blades is that the shape of the airfoil from the leading edge to about 30 %

of the chord length significantly affects aerodynamic characteristics.

4. Conclusions

This paper focused on small wind turbines, the Reynolds number of which is an order of
magnitude smaller than that of actual middle or large wind turbines. For two types of thick
blades having airfoils that are used in wind turbine blades and likely affect aerodynamic
characteristics, this paper divided the aerodynamic characteristic curve of each blade into three
regions. Thus, it examined the relationship between the level of blade surface roughness and
the flow condition around the blade at different angles of attack, including those before and
after stalls, to clarify the inherent properties of the thick blades.

This study has yielded the following findings.

(1) Depending on the surface roughness level, both thick blades “DU97-W-300" and “Riso
A-30” exhibited characteristic variations in the characteristic curves. According to the gradient
of the characteristic curves in relation to the angle of attack, the characteristic curve of each
blade can be divided into three regions. This fact is closely related to the difference of flow
conditions around the blade between the regions, which is an inherent property of the thick
blades.

(2) The smooth blades of both types stall twice at low and high angles of attack, while the
rough blades stall only once at a high angle of attack, which is also an inherent property of the
thick blades.

(3) Regarding the inherent characteristics of the thick blades at low angles of attack, the
results of experiments with the two different thick blades show that the rough blades exhibit no
decrease in the lift coefficient around an angle of attack of 8°, while the smooth blades cause a
decrease in the lift coefficient, or the first stall, around the same angle of attack. This
difference between the rough and smooth blades was clarified based on the flow conditions

around both blades and the pressure distributions on them.
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Nomenclature
A Blade surface area = 3.58 x 10 [m?] D Drag force [N]
C Chord length [mm] L Lift force [N]
o 1 5 Py Static pressure [Pa]
Cp Drag coefficient = D/(pr A)
2 Re Reynolds number
T Maximum blade thickness [mm]
_ o 1 5 Us Flow velocity [m/s]
Cr Lift coefficient =L/ (— pU,_ " 4) ) )
2 X Distance from the leading edge [mm]
o Angle of attack [°]
o 1 5 0 Thickness ratio = 7/C
Cp Pressure coefficient zRq/(pr ) 5
2 p Air density [kg/m’]
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Research on Aerodynamic Characteristics of Thin and Thick Blades depending on
the Presence or Absence of Streaky Features formed on the Blade Surface during
Creation of Wind Turbine Airfoils with Stereolithography

Sumio SAITO and Takahiro YAMASHINA

Wind turbines with a propeller-type rotor on a horizontal axis employ turbine blades, have a
thickness ratio (the ratio of maximum thickness 7 against chord length C), which is small at the
blade tip (thin blade), and is large at the blade root (thick blade). The previous report selected typical
airfoils that were a thin blade and a thick blade used for actual wind turbine for the first step to get
the optimization of the blade constitution, and the paper presented the basic characteristic evaluation
as seen from aerodynamic aspects and checked the flow conditions on the airfoils at the same angle
of attack including in the vicinity of a stall. However, the aerodynamic characteristic represented by
the curve for the lift and drag coefficient against the angle of attack, indicated a different process of
change of the angle of attack. This research uses the typical thin and thick blades selected by the
previous paper, and classifies the process of change for aerodynamic characteristic curves, and then
relates flow condition around the airfoil to influence of the presence or absence of streaky features
formed on the blade surface during the creation of airfoils with stereolithography.

(Key Words : Wind Turbine Blade, Thin Blade, Thick Blade, Surface Roughness, Lift Coefficient,

Drag Coefficient, Angle of Attack, Stall, Pressure Distribution, Flow Visualization)
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Fig.8 Flow visualization and pressure distribution
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Development of Man-Machine Interface Driven by Deformation of Cheek

Akihiro SuiMIZU and Hirosuke SuzukIi

Two kinds of man-machine interface using a deformation of cheek which is able to input plural
channels have been developed and tested. One is an interface getting On-Off signals with normally
open switches, and the other is an interface getting increasing or decreasing of voltage corresponding
to the deformation of cheek utilizing a strain gauge. “Pointing operation” on a desktop in the display
of a personal computer has been evaluated by a developed exclusive evaluating program. With
comparison of “operation by mouse’, operating speed was established to 16% of the operation by
mouse. On the other hand, interface for analogue signal with strain gauge has been found to need
reduction of thermal characteristics change of the working strain gauge.

(Keywords: Cheek, Tongue, Man-Machine Interface, Deformation, Normally Open Switch, Personal
Computer, Strain Gauge)
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Research on Identification of Impact Force Using Strain Response

Mitsunari KITAYAMA, Jun SHIRAKURA,

Tengku Muhammad Idris Al Ariff, Shigeru KUROSAKI

Recently, many serious accidents to the aircraft by the bird strike have happened. Therefore,

it is important to measure the impact force that acts on the structure. In this study, whether

identification of the impact force to the elastic plates was experimentally possible was examined by

using the strain response. It experimented one dimension model to request the condition of the best

identification. The two dimension models’ identification experiments were conducted by applying the

result. The position of the impact force was able to be identified because of the error of 20%.

(Keywords: Strain Response, Impact Force, Inverse Analysis, Neural Network)
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New Twist for Micromechatronics in Tokyo KOSEN

— 2nd Report, Fabrication and Mechanical Property of a Micro structure —

Akira KAKUTA, Susumu TARAO, Hirokazu SAITO,
Hirotaka TsutsuMmi, Jyo SHIMURA, Mitsunari KITAYAMA

MEMS is one of the important technologies in the mechanical engineering field of 21ct. This study
tried to found the MEMS technology in Tokyo KOSEN. In this study, micro-mechanical structure

made by SiC film were applied to MEMS for hard environment because single-crystal SiC thin films
have excellent mechanical properties such as high young modulus, durability, etc. Micro cantilever

beams were fabricated with single-crystal SiC thin film on a single-crystal Si substrate. And
mechanical property, such as Young’s modulus was investigated real bending test and FEM analysis.
(Keywords, MEMS, Micro structure, SiC thin film)
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Tablel Characteristics of SiC, Si and Diamond

SiC(3C-SiC) Si Diamond
Crystal structure® Zinc blende Diamond Diamond
Melting point[°C]" Sublimes at 1825 1415 | Phase change
Max. Operating Temp.[°C]" 873 300 1100
Densitykg/m*]®) 3.211x10° 2.329x10° | 3.515x10°
Young's modulus[GPa]” 448 190 1035
Mohs hardness® 9.2-93 7 10
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Fig.1 Fabrication process of SiC micro

cantilever beam
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Table2 Conditions of SiC etching

controle

Etchant gas CF4(80%), 02(20%)
Flow rate 25 scem(total)
RF Power 50 W
Pressure 0.048 Torr
Time 15 min

Table3 Conditions of Si etching

Etchant HF(9%), HNO3(68%),
CH3COOH(23%)
Etch rate 2-6 um/min

(a) Top view

(b) Bird’s eye view

Fig.2 Fabricated SiC cantilever beam
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Fig.3 Schema of evaluation setup

Table4 Specification of SiC micro cantilever

a[°] | 1{um] | bolum] |4 [nm] |a (=x)[um]
Cantilever A| 30.5| 66 36 511 30
Cantilever B|45.0 | 41 34 511 10
CantileverC|54.4 | 35 36 511 10
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Fig.4 Model to calculate Young’s modulus
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Fig.5 Results of bending test

Tableb Affect of measurements error

Error details Compensation of £
Measurement error of length and width of cantilever +
Measurement error of thickness of cantilever +
Error of indent position +
Assumption that SiC thin film is not etched +
Difference of fixed end of cantilever between sample and model +

Decrease of apparent length because of cantilever's warping

Strain of crystal lattice because of residual stress

(b) Model shape
Fig.6 Example of Finite Element Method

analysis

(a) Sample shape
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5l B T I2B1F 5 CFRP/Aluminum alloy
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Finite Element Stress Analysis for Single-lap Joints
Bonded CFRP and Aluminum Alloy under Tensile Loads

Noritaka KosAKA, Jyo SHIMURA, Shigeru KUROSAKI

In this study, mechanical properties in single-lap joint bonded UD-CFRP and Aluminum alloy
A6063 subjected to static tensile load were analyzed, using finite element method. FEM analyses
to clarify stress field at adhesive interface and deformation state of joint in whole carried out. To
confirm the reliability of the analytical results, experiments about strain distribution by using strain
gauges were performed. In addition, effects of adhesive thickness, lap length, Young’s modulus of
metal side adherend and intensity of anisotropic adherend were examined. As a result, by applying
UD-CFRP on one side adherend, it was found that peel stress decreases at interface edge in adhesive
layer. Furthermore, singular characteristic of stress distribution became reduced with increasing
adhesive thickness and decreasing lap length. Besides, singular stress distribution at adhesive
interface relaxed as Young’s modulus of metal material adherends and intensity of anisotropic
adherend increased. It was proved that the strain distribution by analytical result is consistent with

that measured with strain gauges.

(Keywords: Adhesion, Finite Element Method, Single-lap Joint, CFRP)
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Fig.1 Dimensions and geometry of
adhesive bonded single-lap joint.
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Fig.2 Model for analysis.
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Fig.3 An example of mesh division in FEM analysis.

Table 1 Material properties of adherend and adhesive.

Young’s modulus Poisson’s
E (GPa) ratio
Ey E, v
Adherend UD-CFRP 115 7.6 0.35
A6063-T5 68.94 0.33
Adhesive SW1838B/A 3.4 0.39
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Fig.4 Single-lap joint bonded by structural adhesive.
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Fig.6 Photograph of glued strain gauges.
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Dependence of Resonance Frequency on Diaphragm Thickness
in a Guided-Wave Optical Microphone

Hiroyuki NIKKUNI and Masashi OHKAWA

We experimentally investigated the relationship between resonance frequency and diaphragm
thickness in a glass-based guided-wave optical microphone. The optical microphone consists of a
diaphragm and a single-mode optical waveguide. The resonance frequency is theoretically known
to be proportional to the diaphragm thickness. In this study, to examine this relationship, three
microphones with diaphragm thicknesses of 0.15mm, 0.21lmm and 0.30mm were fabricated. The
area of the diaphragm was 20mm X 20mm. In the experiment, sound pressure was applied to the
fabricated microphones to evaluate frequency characteristic as well as resonance frequency. The
measured results supported the theoretical predictions.

(Keywords: guided-wave optical microphone, diaphragm, resonance frequency)
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A Study of Evaluation Method for Reactive Power Pricing in Power System

Takurou HASHIMOTO and Atsushi Do1

In a deregulated power system, the main responsibility of an independent system operator (ISO)
IS to maintain system reliability and security by using ancillary services. To maintain the power
flow limits on transmission lines as well as voltage limits at bus bars, sufficient reactive power is
vital for the power system. Therefore reactive power is one of the most important ancillary services.
However, reactive power has a special feature, and cannot be travel very far in the network because
of its losses. So in a deregulated power system, reactive power pricing that all participants can agree
is very difficult. This paper considers various evaluation methods for reactive power pricing, and this
paper presents evaluation method based on reduction of active power loss.

(Keywords: reactive power, deregulation, ancillary service, reduction of active power loss)
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Carrier up Seminar on Electrical Engineering for Regional Engineers and its Case Report

Tomohiko OHTSUKA, Yuji TATEIZUMI, Tomohiko KiMURA, Hiroyuki NIKKUNI,
Satoshi MATSUOKA, Takenori NITTA, Tomoyo MITANI, Keiichi SASAKI

In this paper, a summary of a trial of the recurrent education for electronic and electronics
engineering for regional enterprises around Tokyo National College of Technology is reported. In the
reeducation, there are 2 courses, i.e. the fundamental design of embedded systems and fundamentals
of infrastructures for servers and network systems. Every engineer from regional enterprises studies
all courses to study fundamental of these topics. It was found from the analysis of the questionnaire
that a lot of them understand it is important to understand the fundamentals in a variety of areas of

engineering to become good engineers.

(Keywords: reeducation, experience type practice, fundamental engineering)
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Locating a Target in an Image Based on Phase Only Correlation
Hiroyuki AOKI and Masaya YOSHIZAWA

Locating a target in an image is usually done by both getting the edge information of the entire
image and identifying it with the shape of the target. Therefore, the locating algorithm needs to be
modified when the shape of the target changes. This paper deals with a target locating algorithm
using Phase-Only Correlation (POC). This approach has the merit that the locating algorithm is
the same even if the shape of the target varies. Furthermore, POC has excellent performance in
estimating the displacement between an input and a registration image. Therefore, given that
a registration image is prepared by placing only the target in a blank image, target locating is
expected to be done successfully from the displacement of the input and the registration image. This
paper shows the basic performance and effectiveness of this approach through some simulations.

(Keywords: target locating, phase only correlation, registration image, blank image)
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Electronic Engineering Laboratory for Practical Electronic Device Design

Hiroshi NAGAYosHI and Kiyoyuki KOIKE

An electric engineering laboratory program for practical electronic device design have developed
and introduced to the 5™ year student class in the Department of Electronic Engineering. In the
program, each student must design and build an original electronic device under limited conditions
to encourage their creativity and practical manufacturing technique. To achieve this program
successfully, teachers must support each design process in detail. Various kind of electronic devices
have created through this program, suggesting that they have affluent potential in electronic circuit

design and creativity.

(Keywords: electronic engineering laboratory, electronic circuit, creativity, design)
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A study of communication technology for realizing a ubiquitous information society

(Long-distance radio communication method applying spread spectrum)

Nobukazu Dor and Naoya TAKIZAWA

Long-distance radio communication technology is required to achieve ubiquitous information
society with sensors embedded in any place or thing. In this paper, the relationship between
transmission distance and data rate from the Shannon’s theorem is derived, and applying this
modified theorem, we propose a new method of long-distance radio communication on spread
spectrum technologies. It can be realized by changing the radio signal processing in the control
center without changing that in the radio sensors which lower-cost and smaller-size features are
strictly required. Therefore, this research is considered useful in realizing a ubiquitous information
society, especially where that long-distance communication is needed.

(Keywords: Ubiquitous, Shannon's theorem, spread spectrum, long-distance communication)
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Implementation of safety education into Fundamental Engineering Laboratory
and effort for development of visual educational material

Hidenobu SHiroisHI, Akihiro SHiMIZU, Shigeo OHNUKI, Tomohiko OHTSUKA,
Makoto NISHIMURA, Tohji Suzuki, Hiroshi Fujino, Tsukasa FURUYA,
Genichiro NAKAMURA, Takenori N1TTA, Akihiro SAIGA

The safety education was introduced in Fundamental Engineering Laboratory. The devices
such as liquid crystal displays were set up into the experimental classroom in the Department of
Electronic Engineering and the Practical Training Factory of Tokyo National College of Technology.

(Keywords: safety education, visual educational material, Fundamental Engineering Laboratory)
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Application of a Total Alkalinity Titrator to Laboratory Work by

Students of Chemical Science and Engineering, and Advanced Engineering

Setsuko Kupo, Hidenobu SHIROISHI, Akihiro SAIGA,
Mitsuo TAKAHASHI, Hiroyuki IsHI, Tomoyo MITANI

At the Tokyo National College of Technology, a total alkalinity titrator was used in laboratory
work by second-year students in the Chemical Science and Engineering Department and by first-
year students in the Advanced Engineering Course. The experiment consisted essentially of
calibration of the automated burette and measurements of the pH, total alkalinity (4;), and total
dissolved inorganic carbon (C;) of seawater. Advanced Course students analyzed the titration data,
and then calculated pH and f(CO,) by using the 4; and C; values obtained experimentally.

(Keywords: chemistry education, total alkalinity titrator, sea water)

1. ZLCHIZ

REERIL TEAFRRES T CTENO AT S
TEEN, —HOAZDOBELRLEEZ LS HDOT
X otz HlcBbid. &ir, HiERIERE(L,
TERLIRFE OWIUR T H DIEEOmM L, b
IRFBD Y A 7 v, fEFEHD O IREEFLIRC N TR
BRI T DL E £ > TV 5. HED REE S
HIETIX, EBR=E TOMEN 7R AN HIER AR ClX
RERRRFEL 72 D720, RO TEVFEE SN ER
SND. RO~ AEEZ A — T —3 “WFgE 7 v
— 7 L WEI A B BREE R[] 2 AR THID
TRHFRE LTS, FREDHEME DL NERE - &5F -
T—HENTRRECTH Y, @i Th ol TDOHD
A =B —DE I T/IUL - LN EH L, &E -
KPR EBEBIG~OEEPEFENA TS, K
EEICIIEEFEEREZNDD, L EWEREZ
HIg§ L CA—H—¢ a—F—IZ L HWENRED S
nNTWN5,
ERRO/NYE - S L ST ET IV h Y EEE
WER]1ZHWT, By MERORE, pH &
FROJSENETER, W - IEAE S 70 &R 3E
BrEiTo7- BT, MEWE LERB L OWE 1LY
HYA A EBR T OE I OWTHE L7- 0 Tl

T 5.

2. a (3]
2.1 JRIER O
TRLRFIIAKICEIRE L, RO X 9 bR Al
AEUS.
COx(g) = COx(aq) (1)
CO,(aq) + H,O() = H,COs(aq) 2
H,COs(aq) = H'(aq) + HCO5'(aq) (3)
HCO; (aq) = H'(aq) + COs"(aq)  (4)

CO(aq) & HyCOs(aq) DALl A 53 B Z X B3 %

CEITREETH D=0, BEE L COyaq) &

H,COs(aq) DI DO Fn & FARRILFFE COy*(aq) D
BEEL, ()~0) XzkokHicEbdHT.

COy(g) = COz*(aq) (5)

COy* (aq) + H,0(1) = H'(aq) + HCOs'(aq) (6)

Z 5 OALSARE DR EE R O ST EEI IR O X9 I
Hz 65,

Ky =[CO*]/(CO,) (7

K, = [H'][HCO5)/[CO,*] (8)

* W E TR

* kR BEMIEPMIIEL Y ¥ K= V-7
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K>=[H'][CO5]/[HCO;5] ©)

ZIZT, ACO)TRMT D FLRFED T H T
4 —Thsd. INoOVEEEITIRE, £, &
R (Bl z0x, WK ofESsoBKTHY, ZnE
TR~ OBFFE CHRIE ST & 7=,

2.2 REERDIRH)/NT A —H
TR T3 T 2 R IR T DAEl % DAL A FE L %
BHET S L3 TERng, JELES >0
NI A—=ENH 5. Tihbb, RIEFEMRRSE Cr,
BTNV E Ar, WK EFEIRREIZH D £(COy),
BIKFA A IRE H]THD.
Cridka A ThH o, Bt 2@mrElcT 52 LT
Lo THHENETE 5.
Cr =[CO,*] + [HCO5] + [CO5™] (10)

A7, MEKEUE kg PICRIT D7 a b UK
O 7> & B EDOIKFEA T DN E L TER
SND. Lo T, Arix(D)Xo Ko icEb s
no.

Ar=[HCO;] +2[CO5™] + [B(OH)y ] + [OH]

+ [HPO,*] + 2[PO,>] + [SiO(OH); ]
+ [NHs] + [HS] + ... - [H']¢ - [HSO,]
- [HF] - [H5PO,] ... (11)

ZIT, 25CTAAVE O DL &, WfifREELK
K< 10 O8fe b ART Dl E 7o b Uy
&, K>10* Otz 71 b oGk LT 5.
[H e 1L D ARFEA A Frmd.
WK DKFEA A YRFEITEE, pH & L TERD S
no.
pH = -log[H'] (12)

BIKFEA A ARE ORI RGN B 5 73,
MK T C IR AR E R & IEFE IS ERT D REDR D

D[4]. BKFA A REITRO LD IZERSND.

[H'] = [H']e (1+Sv/K) 13)

Z 2T, S$r=[S0,1+[HSO,], KlX HSO, (ZkF7
LB ERCTH Y, pH > 4 TA3)XUIKD L 9
IZIEEICE D,

[H']=[H"]s + [HSO4] (14)

2.3 ET — % OfFHT
ARiETIE, 3BK%E 0.1mol/L HCI T H B2
EL, MEREEENE)DENS Ar, CrDHE

HZEITY. MEDKRIZKNT, KFA AL DL
BE CplirXicL-THEZBNS.
Cu=[H']p+ [HSO4] + [HF] + [H3PO,] - [HCO; ]
- 2[CO5™] - [B(OH)4] - [OH] - [HPO,™]
- 2[PO,”] - [SiO(OH);] - [NH3] - [HST]  (15)

IR C [mol/kg-soln], EH& m DI A E & my D
P 2 Uiz & &3 pk v 3o,
mC —m,A
Cy=——"""7" (16)

my +m

(15 &16)Xn b, ’RADE)NND.

mC —my A, N )
——— L = [H']¢ + [HSO4 ] + [HF] + [H3PO,]
my,+m

- [HCO5] - 2[CO5”] - [B(OH)4] - [OH]

- [HPO,™] - 2[PO,”] - [SiO(OH);7] - [NH;]

-[HST] (17)

ADARIIAREICB T 2HEEOEMEL 20, v
A2 MR ERITHOBND N, /bR EEHNT
EZEHERETDL0 G, ROX D7 fEER
L EMHRTH S, [HE E OYIHUEEN DS FE
Sh, 7ur T ATIEFETMaR/MNIT 5 X910
[EHETS.

f=HVH] (18)

E'"—-FE
= (19)
[H'] exp{ RT/F}

(17) RFKDO LI ICTEZHZDH LN TX S,

L K, fIH]+2K/K, - 1
O GTHDY + K HI+ KK, ) T+ (THD /K,
_p KPKZPU[H'])+2K PKZPK3P _U[H'])3
"LUTHD +Kp(THD + K pKop (FTHD + K pKop Koy

SEIJNH[IJ
I+ (fTH]D/K; I+ (THD Kyis

—HZST( ! j+ST( ! j
1+(fTHD/K, 155 1+ K Z/(fTHT)

+Fr( 1 j+(m0+mJ(ﬂH'_] KWJ mC:O
1+ K. /(fH]) m, Z  fTH]) m,

(20)
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ZZ T, Z=1+Sv/K,, HoSt=[H,S]+ [HS]TH 5.
(20)= %, HEPAEETIEMIE R/ ZFIEICLY
Ar & CrEROHIDICHWONS. Thbb, A
WREESEZ 7 m y ML, RERE S N RRICA
5okl L, TOERROMEE 1S Cr, Yl
G Ar &R 5. —J5, Bt /W15 Ti pH 3.0
~35 DI|ET —Z DIHER L, T OB 2 et
IZLT CO, < 0T, (17)RTHMLEInD.
BT, REKIC L » TITBRENEE LA 516%
FEDIEAEMET HZENTE D, WHEDKFEA A
VIREEIIAUKFA A UREN D EHEFTR TE S,

[Hp=[H")/Z (21)

2.4 SEHEERE

—EDRELENEETT, © (NAD K, @
VIR P AETE T D ERIE T o P e dk, © CO,
DS DL T OGS ORIRE, @ 2.2 T~/
IREEZDIN/NT A —2 D5 HAh7ed TH ZO0RH
AR, WG O R ER R ITHER A SRR R
WTBHZENTED.

A7 \TXET 2 R RGP DO T G- 2 R T IREE T
NV EE Ac X)X TER I, 23)F DY 3L
.

Ac = [HCO5] +2[CO5™] (22)

Ac = Ar- ([B(OH)4 ] + [OH] + [HPO4*] + 2[PO47]
+[SiO(OH)5] + [NH;] + [HST] + ...
- [H']g- [HSO4] - [HF] - [H;PO4] - ...) (23)

flize D/RNT A —2 O BEDEND, FHEHEIC
X oT, Y DONT A= X OREAEFFED
REZRDDLZENTED., TNETICTERR DM
THIZEL ST, WS OO FEEIE T v 7T AR
FHERINTWD., T 2Tl Lewis & Wallace [5]
WZ&a7ar g L.

3. Ebr

3.1 HaiE

BT IVH ) ERFREEE ATT-05 (AAE1T3¥)
BLOEBELHEZ DA-500 (5i#E L) Aff
AL,

ATV ) B E R E O RS 2 X 1 12RT.

ARLGEL, SRR ETE b= e —
H— BfkEL), 22—, Balby b (w147
ny Y VRST), WER Y —, §E S AL,
pH BB TR S 5. ST IR Y 77 ) v

THEIZBWTIRFEREFLLL TWDHH, K 100g
OFREIK CRFETFEE) % 0.1mol/L HC1 (2.3 |27
SNTREICHRE) CHE LSS, ST
AREVK EEROEGEN D X 9 CINE D L 51T
FFEnTnWs. £, WENHEFEETO~Y KR
A= 2 IS BERETIC B W TREE DR 7 % Th
L. FIWEEAMCERAO LD L ZHBmEIND.
EFREVKEZBEE L2 D, WESRMEIC LR -
THE / AV B ERMSHE F S, REE pH
BE=ZVUTTD EEAEHLURWHIRIZE
2y hOv Yy (SmL) HISHiKZH 72 LT
Bz,

N
\
\
\:

CPU

1 BTV Y i E R O R

O talyv b O {ER (0.1mol/L HC),
® S GiEE s AL, pH B, (EE
Toth—, bk, it

BEHEFIL, ol v MREOHIEICHE
HiK, FER TH 5 0.1 mol/L HCI D4 FEHIEIZ
AV

3.2 pH &l

Mo pH IV b EAEMRTHY, 7
UA A —Z D pHC2401-8 (RAEHS : 7 == T —
Z A7) 3R, 2FEEOENM (& A—F A
A AT) H1IARTHD.  WEKOREETIE pH
PR A i N IRE L EL i FE A FH PNEIR & KCLAS il &2 A
N Z 1o, WAGER 12 D K 2 ISR HIZHKI 10 h,
0.1 mol/L HCI {Z#9 20 min, ¥K\NT pH 1~3 [ZFH%E
L7oWEAKIZ 24 h DL EIRIE L7, etz IcBMik Tk
W L7=t%, pH 4 |ZFHE L7k EB LU pH 8 Dif
KHIZIBWT, 1s MR TRIE L7k B ORRRE
b5, pH RO INENE 2 JH~7=. MK LIS ORI
ECIE, BEAELNES & k8% 0.1 mol/L HC HHiZ
20~60 min {i&F L7-t%, HHKTHE L.
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3.3 I L OV ke &

0.1 mol/L Hife (B&E/SHTH), IREEAKFET MY
UL (Refk), b MU DA (Bfk), Hibh Y
UL (BRSEERER) OfEME TEOAR
B vz, BOBIK EARHERKIZ DWW TIILL T
SUITANN
1 K

WRk 20 4 6 HEB LN 21 4E 8 HIZ, 1HHBIRAES
WS B AR T < D7k ZER LR FE B > 2 T A
C0O,-2000T (FeAFEF T3) (kA LT o
KO—EERI LT, WKOMESE LT, 20T
AT B 2T OESFHT Lo THRR S
(33.77, 34.05) Zitdk L7z, ZOHEK%ZFEBRET
B LARANS AT L7 4 L% — (Millipore,
Durapore® 0.45um HV) Ty L7, xR =
F L URRBICTE DT~y RAR—Z2 & K&
<L (BIzIE, &EEOK 70%), 2 B LR
L7 W=,

2) HEEEK (NaHCOs-NaCl Ki&ik)

Cr D IR UK ERFIO =012, IREEKFET b
Vo altibF Y o AEBRMAKCEREL, ¥y
35, At 73 2000 pmol/kg D#EELLEA 2 FHEL L 7-.
3) CRM (Certified Reference Material)

OINHEMRRE S TR CRM 2 227 U » A
WEPERFZRRT N HIEA LT, IR 27 U v F A
FERFZERTIC GRS, FEBITES I S n7c b D T,
MEOHLKBANEZ G, AR THEMA L
CRM (Z[A—/3 > F (Batch 99) [6] TdH W, FRAHHE
IIHE5> 35.185, Ar 73 2356.78£0.66 pmol/kg,
Cr 75 2115.04%0.56 pmol/kg Td> » 7-. SeEHiE
DOHHE bR STV D.

4)  RIRK

TR O RERAK (K, FHEE 38 mg/L) ZE/K

& DRI .

3.4 STk

ERENOEMZILI LD, TT7ARBOEER
{b4eftl, FRMIEZ EI%, Kmoirik T8
Tiro7-.

Ealy b OO IEMREREZSD 729,
Ealy MESZRD, fikzreal vy MZ
AL, HI7AMICS mLHEE, Z0EE
PAREICHEL L., CoMEEL 5 EITV, (CF
BIES mL) 28 =Ly MEEE Lz,

pH EMR O S AR ER Tl & DORERE & 7]

M L7, ST EORAERHMEIZIE, TH T U4 A
— &0 pH T & CRM % FU T E 5t (A
& — NMELIRER, FIHIG HIREH], W1 E &,
TERRE, WER, M8 pH 72 &) OfEfks
1T-o7=.

4. FEEBR~DIZH

Rk 20 AR L 21 FEEICRBWT, &7 v h Y JE
WEREZELE L TWE TR 24 (2C) @ 14y
Wb 2528k, HRAWE T¥HEK 14 (1AC)
O T TARERIFE8R | ORI Lz,

4.1 2C [tk 58]

REFPAEFERR T, [EROEMWIITE LOE &S
Wiz lcHan o V2 8N - E&EOT 2 £t 3 2 &
ITHENTNA.

KIEEZ AN D T —< IR BT OFREEE &
LB, HESro—olmz -, ffi 7
U v N TIREROFESITEEZMH L, BMIZ X
S TR E W CTRELZ HEIIZITY 2 &, Ar
L CrDEF, Baly MREORD S, #asn%
WA L HER A EE LT, AR T HERIE RS (L O
ZED T O HEK T O IREEIZ B3 2 /T I B &
Ni=Z EERMEICHRA L. 2C 24E T
WA EML, REERODHEIZ OV TIXEL %
boTbhbbxiuIkLE L., ZOFEFETH Cr
DEHZRTHDHNO)XNZHMET HENILH D LB X
7e.

BRI RO BN EEEEZ E L O TLLTIOR
7
(a) BEVKIZE ENDRKZE DT DO 7

U v RS
() KD pH ZRE L, TOWMEED.
(0) WEFICEEBEOBIELBIZL, BEWETEOML

A A HfRS D .

(d) B=lby MEEERD, KR OREEE M

5.

FAEIIROBEICIR Y e L ) IR L,
HOFERLR— FZ2ENER0 o7 (DS
EHRE MBI (SREE STV b Bk <
H5b.

1) SEIOERTEONEREEE LD L. (B
2 by MREICBET 2 EBRCTIZET —4 B
L ORI A R DL

(2) —RITAKITHRT D EIROERE X, KiBB X
VK EETDREDIE & ED X H 72 Bf%R
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WD E. £z, ZhbZRTHITR
il —>FToHIF L.

B) KIKDEMEIZBET 5~ U — Dkl &1
i) >,

(4) KPP TEEFILO, & LTHEMET LN, _Wibx
FIZHONTE 2 LN LT 2 — BT
A

AR ORI, FAENHBICEAEEZTIRT

X HMZERTT-.

4.2 1AC W& TR 3250
A FEER UL, EBRITHENL - THI 90 2 0

KHEIToT-. WEITHEREELBS L D CO, %

IR E LCo%E, oMl = 0ARkR~0

W REEOBRBOKEREAEANL L, Al

L7HR OB, 7 — X T OJRE, EBRNED

HHTH D KR OLFERED /342 R IE 9 pH

DR, A A UBEDOER, [EDDELE 7T

T4 —OER CEEE ST, —RICBENEEE

EXH =T 4 v — KD EEITICL O LTS

%< OEBOIITIHIH &S, A— b7 o7—¢

Vgt 5 2 LItk o TV AT A0 ABNME - Ak

R N AVAS N 1 A O
Sk 21 AEEE D EREFNZ W T BARRY 72 FEBR D

HEEEZE LD TLTIIRT.

(a) A pH EOMEEZ MR L, WIEDORLRD
Wikt T pH B OIS BN A TS,

(b) HEWHEDREZ AL, B =L v MRME
k5.

(c) AREEEIZ L - THKIB L O IROKRIKAK (#K
K) OWMET —# 45T, MEMBROENE
IrRD .

(d) TET —Z DN L > TH LN HEKD Ar
& Cr WP HE AT .

RIS OWTIE, VAR — MERCHTIZ SCHER

[71[BUNC L= > THEEEITAH L HIT LTz,
FEERLVAR— MNITRAREZELLO L L, B

RBR KB TR

(1) ¥EAKF OREER M, ArB XN CrDES, K
B R W B9~ % BREm O B

(2) AKHIZH T D IREERILFEFED /34 % pH DR
e LTHEb L Pimihii

(3) =l v MR

(4) pH ERROJEE

(5) K L ORIRAK DO E i

(6) PR HE DOERIC AT LT2/8F A — & L firgt
B (7 a7 5 Ao R % L)

(7) ACO,), pH, (L FEFED 534 72 KB4 % I HE
7B

5. ik & BELE
5.1 bBal vy MEK

o by MEHUT 4 BEIZDZ > THIHEHER
7% (RSD) 7% 0.03%LLFTHY, 1 HLUHNOD#HED
R UIEER AL S BICRAF CTh o7, 1AC AT
BT b [AERORE R A& 1572

5.2 pH RO ILENE

pH FEAR O S B M L0 7 SR D e Ak WA B T
BWHED—DOTHDH. pHAIZB W TUIED A —H—
O pH EE H 10~12s #1ZITEE 128 200 mV B4
T—EfE (RSD<1%, n=5) (ZiEL7z. X2 2555
F&ME (pH 8) (281 54 pH B D ISEME 2 /R,
EN 4t pH EMAK 35s TREND —EEIC
ELZOWEXL, 7VFA—XLOBMBTIIH
23s CEMAER L. 7 VA A—% LD pH Efbi
TR B W T HIREEICEN D 2 & DR
T&ET.

300

-0 TVFA=HH
200 o ERA—H—A
—— [ENA—H—B

-100

X2 pH 8 DOifE/kHIIT 545 pH BHEDJSEME

5.3 Ar, CrDHyHriEE & EfE S

Z VA A — 2O E— pH B E FHV ClEEE
K, BELLEK, CRM & 38T LT RS AR 1 1ITR T
EBEEYE L 7 = UIZBIT D Ar & Cr DFEEEIL, 12
HERZEIZ LT, 220K 2 umol/kg, 1.5 pmol/
kg [9] CTH D, F 1 OFREFITMEY K UKETH D0
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5, HMICEBEERE L T =L b T 2 O
b o, UK E CRM Tlddr, Cre b
ICEWRER EWR D, —T5, IR KD Cr kD
WUKEN XL o lz—oDFR E LT, #fE
HIIARDE B L Z T2 EMBE N5,

F1 KREKE CRM D 4p CroyHriE o

M0 IR URE R
Ar/umol kg™ Cr/pumol kg™!
At K 22222+1.3 1982.4+2.7
HELLTE K 1917.8 0.4 1836.1+ 1.0
CRM 23473+12 2119.3+ 1.0

*PEJEESD, n=5

B DY) — R R EMED R THEHTE S CRM
DIIHTIZEBNT, BAFE URENFL RO

T, CRM & AW TIERE S ORED nlHE & HIkT L 7-.

#2102, FUFA—FFED pH B 3 A%
TH B2 CRM TGS & AT E D 1R/ = %7
ER

#£2 B pH EMIZ LD CRM D Ar, Cr oMt

BIRFADBBETH D, RIEEIZOWTIE, A7 1
27 hEEHIE T Dickson R DOMIEETH
MBIz o 72,

5.4 FAER~DIGH

5.4.1 2C T3Hi{b558k

4.1 OB T HIEEREZLK 3 ITE L DT,
EERT 1 BRI SN VAR — N TlEmsd
TS 720, B LAR— FTIZIZIE 100%THh -
7.

£3 WELFE— MBI EA R

- TR (%)
#E R

Ea by MREEORE 6 96
WK DM (555 HE) 0 96
RURDIRRIE & &l 72451 30 100
CO, DIKHI T DEAFIRAE 4 98

i & 1M & *
pH Ay Adr Cr ACY
i
A 23472 96 21190  +4.0
B 23482 86 21165  +1.5
C 23483 -85 21207 457

*HAT : umol/kg.  A:CRM DRFEE & D7

FEFEYE L 7 = V21T D Ar & Cr DIEMEXIT,
ZIZE AR 4 pmol/kg LAY, £ 2 umol/kg T 5 [9].
% pH BEMRIZI T D ArlL, EMES DO/ T -8~-10
pumol’kg DR Y  (FEAROEAKETITHIKEE) 7
HoTz. CrOIEMSIX pH EMR B O&, [FHEE
FEAEL 7 o L2 1 RIT 72 LT2AS, 2 OB ML
2AREDVERTWVD LIFRLRV. CrOLAITIE
BB LY T IR HHEICED X H I
S A NRBENR WD TH S, IR 4
H BG4 IREAFH10]Cl, #6872 pH BR2 SN &
i, HAEWIET 4, Cr & HICEBBIEREL
Uz VI LTV T, fliSAEE IZ OV T

* n=47 (FAE)

1FEBEDOVAR = NREZSHTHE, Ealb vy b

185 mRD D DI, KOBEE FHNTEEN SR

FE~OWMENLETHLHN, FLAETER)-

7o AR D pH ZHIE L=, ZOiRMEn

PR TH D Z LIRS o=, (BET

KRS 572 EOFBEND HHA121%, pH

PETT 5. ) F, [UKOEMREIZBED % &

BRBEBIZONWTHE Y MBRETH -T2, FEN

B RBBICHE L L EZ L THLERZD LD

(2725121, BUROER|Z2ATE O FChifiz LT

RREREAZ B T ovifE & Ebihs.
HHEFLEHEOBAIZLUL TOL St ThHo7-.

(7) fEA 2 BT 2 0138 LS, BEE Lz
e asZEED L7z,

(1) Bk, BOLZOX ) R ERRTE D X

D TeHEAE I 0 T2,

(w) HERIRBEAC OIS H Z 9 R TH
HZ Mo T, ELoT.

(=) HEMEL TH XV, FTHET B0V
NUWNEIH B,

(+) BEMEL TWADTHETI.

ARG ORUEZ Y U7 BB S m s & o 4otk
(201%) THY, FAEIHLEG X2 LXK

R ENZ LS. WTRBIRTFEDS LVWEET
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H5.

5.4.2 1AC 'W/E 550325

PERR 21 ARPEICR R 2T o T h P sA A A GRIE,

2AC) OHF AT, LR—FOHFNLHERLEE
BO—ED RN TH. [ ] IIAREREZEY L
HEICEDarAFTHD.

TRIEE K 2 E LTz & & o E N AR O
B LT 3 1 ORT. EHOBME pH KT
XS LTEY, MERNPEASNTZEZATIE
EEIDPRKE B L TS, BIEBGRER DT
WK ClE, EENOZEICRHEMEZZEL TV
DT ENDLND. WMENETT HITHONT, pH &
WDISEMEIL L B DT, TERMOERS %
BLTHMESRMNHES N TS, [BEENHT-
LAY, A= b=k #FES N HHE T
77 hEMATLZELTED]

250

200

150

-100 I I I I I
0 200 400 600 800 1000 1200

t/s

% 3 0.1 mol/LHCL T X 2K D
T ER I3 5 EEE &

X 4 (ZPEEEAR (F—a > & 2BEJIE) &R
SRKDOTEEMRRZ /R T, MKIIRBAKRIY H (&
BHIMEL) pH &L, BENIR Yy 7T 50
WCETAMERNL N E2RLTWS, 202
D, WEKITRIRAKEI D 2TV U EREN
ZERDNS.

F 412, EiEWEAD 2 BIOSHHE (Cr, Ar)
PEFHRIC K > TR LN NBS A —/L @D pH &
ACO)DFHRAE 2 pHTRE ORI & & HITRT.
(PR RO AN ERHERENE LGRS
Tz, £72, pH, ACO)DHEIZHONWT HELEES
T\, AT Ar & CrDIEMES 12OV T

AL TE 5T, S50 T, Z 2 CIIEmK
9%

250
A - DQ
200 - st @QQ@ 1
a ]
150 + N g -
> 100 - @9 4
£ 2 a
@ 50| s _go” ]
A a
A DD
0 A __O N
e © AL T
O mE Y\
5045 A RKERAK A
m
-100 ‘ ‘ ‘
0.0 1.0 2.0 3.0 4.0
V /mL
] 4 0.1 mol/L HCl Z X A%t A &
RKIRIK O TE Hh

F 4 REEFR/NT A—F DOIHHE L FHREE*

o M FHEE

IRT A= — o = =
WK1 WEAK2 WK1 K2

IR /C 19.7 19.3 — —
Ar/umol kg' 22353 22337 @ — —
Cr/umol kg'  2073.7 20714  — —
pHxgs /- 7.968 7.968 7.976  7.984
ACO,) /patm — — 670.6  655.9

* VEK 1, MEK 2 ORI 1 EIH, 2EH %
BEW%T 5.

FAIE OB E L TEHEZ BN TV SRR
FONVBIER [3] I LWtz Lo,
54 4 X4 DR, EEE T v 7T Ak N
TIE MK O RE R FREOBEZFHE L, Bl
KIRAKIZOWTHRE L T LTZ. T DOFEE,
WAKOTTN L0 REEEs A A ICBET 5 2 L2 A
HLU72. i3k o pH & A A IR E DT
BV, WK ZEBERFBOWIIRE Wbihvd Z &
NEfECE - LRSI TV 5.
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AREEIXEEOKFEN S B FEOHEBEIIEHT
XHEEZLND. £, BFEORTEHEL LT
B EFsZEbaETHD. LUTITIEHDD
DF—T — K& 7.

X—U— R FESWE BB EEE, BEHEE
EEOHA, B = by MREK, B X D IRF -
BB O, [UR DR, 7K T O IR VA,
DU PSR TR, BT L T B, IREESR
LEFED RS (pH & A A HE DR, pH
LN AN, BIE, THYT 4 —, VR,
IR BN ZRIEDISH, WAKOR®, bR
FOWIR, IRFEIEER, WEOEMEL, A9 GH
&R, HEK &AM ORIR

BRER K DK ZBLIRFBW S AT KL D
e T — X OFEHFF A2 TWZD T, ThaiR
BERZOEE AT HEITH 720, K7 Rm
Y/ MIBNIZIZE_- X o7z, A%
KN T — 2T 7 e 7T KaA{ElT 5 2 &N
FND. INETOT—FXEMIZI > TEEITH
ELRLS THEL oD, HAMEIZLNETSH
%. LaL, [A—m > FOWAK%E 20~40 L ffEfr L
7o & X, HAHE & BRI 1 B (70~100 mL)
WS UE, SR X S R ERITI A
TN XD PIHFEREE D T 2~4 FERFEETHE T
H5H. HOHNNIEEREFEZFHETL2HELHS.

6. b

ST VA Y T EREE T, BB Tl
MrOIEMES DR CEEELV Y = VITIZZE Lo Tz
2, Y IRUEEDO R TENTWD Z ERbro
7. FAEEBRA~OICHEMBID G, ANIEEILEHE
DIRZLENLEFEE T, NEIS L TEHATE
LEEBEZLND.

AWFTENT, Fhk 20 FEEARRE CREH
FHNTHE, FRUEEEIAM TEBREFHRICE - T
HIERIRMRAL 2 52 5 — U OO PRI R Ml — | (R
TRERTF) J6 JUNFERL 21 SR AR GO
PN TE, DI TR v ) R EEE O &
HHEE~OIGM) BEEE « THEET) 12X - TE
SNELL. SOICAKEORIEEIC L DHEHE
S N REHAN A L DFE 2L, PRk 21 £ T4
EHAMNEFEM T 0 77 L) IS X - THSERWZ 7

TE L. FR 21, WETFEH 5 FEOILT %
Blx, REROREERNE RO WNIT —Z W)
AICH Y A, FAEBRREICOMA L TINEL
To. IR E L £

AR R LR FE B A T ATEBIIEA S

ZWERK DB et S 72 BRER RS2 B2 F AR

BRh KR R (BUE, 488ER), BEOWEE

MEIHEEZ X > TW e W e R PR PPy

RUFFERHHER R R R AR AR AIBERICHTE 2%
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The name of the journal has been changed from “Research
Reports of Tokyo National Technical College” into “Research Reports of
Tokyo National College of Technology” since the 1984 issue.
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