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Cationic Polymerization of Vinyl Ethers
Containing an Oxyethylene Chain and a Urethane Linkage in Their Substituents

Kenta ICHIMURA* and Tamotsu HASHIMOTO*

(Received January 31, 2007)

2-(2-vinyloxyethoxy)ethyl phenylcarbamate (VEEPC) and 2-[2-(2-vinyloxyethoxy)ethoxy]

ethyl phenylcarbamate (VEEEPC) were synthesized by the reactions of phenyl isocyanate

with di(ethylene glycol) mono vinyl ether and. tri(ethylene glycol) mono vinyl ether,

respectively, and were purified by molecular distillation. These new vinyl ethers with both

an oxyethylene chain and a urcthane group were polymerized under the various reaction

conditions to investigate the possibility of their living polymerization. The
HCVZnCl,-initiated polymerization of VEEPC proceeded in CH,Cl, at -30°C, where the

number-average molecular weights (A,’s) of the product polymers were in direct proportion

to monomer conversion. However, the polymer molecular weight distributions (MWDs)

were somewhat broad (M,,/M, = ~1.25). The polymerization of VEEEPC may involve more

side reactions to produce rather low-molecular-weight products under the same reaction

conditions, although the M,’s of the polymers increased with increasing monomer conversion.

The thermal and other properties of the obtained polymers were also studied.

Key Words : Cationic polymerization, Living polymerization, Vinyl ether, Oxyethylene, Urethane,

Phenylcarbamate
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Fig. 1. NMR spectra of VEEPC in DMSO-dg: (A)'H NMR; (B) "C NMR.
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Fig. 2 NMR spectra of VEEEPC in DMSO-dg: (A)'H NMR; (B) "€ NMR.
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Table 1 Cationic Polymerization of VEEPC"

e Temperature Time h) b)
Initiator (mM) Solvent °C) (h) M, MM,
BF;0Lt, (5.0) CH,Cl, 0 20 5120 2.60
BF;0Et; (5.0) CH,CI, -30 2 4640 2.52
BF,0Et, (5.0) CH;CH,NQO, -30 8350 2.78

HCVZnCl, (5.0/2.0) CH,Cl, -30 6 5490 1.25
HCVZnCl, (5.0/2.0) CH;CH;NO, -30 0.5 4390 1.57

a) [M], = 0.30M; conversion: ~100%.
b) Measured by GPC, polystyrene calibration.
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Fig. 3 Polymerization of VEEPC with HCI/ZnCl, in CH,Cl, at -30°C: [VEEPC], = 0.30M; [HCl]s = 5.0mM:;

[ZnCl,]y = 2.0mM.
(C) GPC traces of polymerization products.

(A) M, vs. conversion: M, by GPC(QO); M, by NMR(®); (B) M,/M, vs. conversion ;
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Fig. 4 (A) 'HNMR speétrum of PolyVEEPC. (B)'H NMR spectrum of the lowest-molecular-weight fraction
1 of the product [shown in Fig.3(C)] by the polymerization of VEEPC with HCI/ZnCl, in CH,Cl at
-30°C: [VEEPC], = 0.30M; [HCl]o = 5.0M; [ZnCl,],= 2.0M.
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Scheme 1 Reaction mechanism of the polymerization of VEEPC and the formation of low-molecular-weight side

products with the HCl/ZnCl; initiating system.
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Fig. § Polymerization of VEEEPC with HCI/ZnC); in CH,Cl, at -30°C: [VEEEPC], = 0.30M; [HCl], = 5.0mM;
[ZnClL]y = 2.0mM. (A) M, vs. conversion; (B) M,/M, vs. conversion and (C) GPC traces of polymerization
products.
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Effect of Agitation on Seeded Emulsion Copolymerization of Two Monomers Including

Sparingly Water-Soluble Monomer

Zheshan JIN”, Kiyoshi SUZUKI", Yusuke WATANABE"", Kazumi FUJITA*"",
Mamoru NOMURA® and Yuji TOKUNAGA®

{Received January 31, 2007)

Effect of agitation on the rate of batch seeded emulsion copolymerization of styrene and dodecyl

methacrylate is studied. In the conditions studied, increase in agitation rate did not affect the rate

of polymerization of styrene, but increased the rate of polymerization of dodecyl methacrylate.

This suggests that diffusion of sparingly water-soluble monomer, whose water-solubility is less

than that of dodecyl methacrylate, from monomer droplets to the aqueous phase is rate-

determining step in emulsion copolymerization system including sparingly water-soluble monomer.

Key Words : Seeded Emulsion Polymerization, Copolymerization, Agitation, Diffusion, Water-

Solubility of Monomer
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Fractal Distribution Found in Littering of Cigarette Butts

— Observation and Model Analysis—

Hidetaka TOBITA” and Shigenori INAGAKI*"

(Received January 30, 2007)

The statistical characteristics of the littering of cigarette butts are investigated, in the campus of

University of Fukui and several other public places. 1t was found that the distribution of the

number of butts littered at one spot follows a power law, cn(x)~x~

“ where cn(x) is the number

of spots in which more than or equal to x butts are found. We developed a simple model for the

littering behavior on the basis of a well-known principle, “littering aitracts littering”. According to

our model, the power exponent of cn(x) is equal to, o =!/p;, where p; is defined as the followers

rate, the probability that a person litters to a spot that already has butts rather than creating a new

littering spot. The followers rate determined from the power law found in the littering data, p; =1/

agrees reasonably well with the attitude survey results of a questionnaire conducted for the

students,

Key Words : Littering, Cigarette Butts, Power Law, Scale Free Distribution, Model Analysis

Simulation, Mathematical Sociology
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Theory of Random Degradation and Its Applications to Polymer Modification, Chain

Transfer Reactions, and Particle Size Distribution
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A simple computational method to predict thc molecular weight distribution {(MWD) formed

through random chain scission of linear chains is proposed. This method can be applied to any

initial MWD including experimentally obtained ones with small computational time. The random

degradation theory can be applied to such problems as the effect of chain transfer reactions and the

particle size distribution (PSD) formed in microemulsion polymerization, as well as the random

degradation of polymer chains.

Key Words : Polymer Degradation, Molecular Weight Distribution, Modeling, Calculations,

Chain Transfer, Particle Size Distribution

1. Introduction

Modification of the molecular weight distribution
(MWD)
polymers

through random scission degradation of

provides an attractive research field,
combining at the same time fundamental and applied
topics of great interest. Theoretical description of the
random chain scission has been studied for many years
by application of the analytical solutions for several
representative polymer MWDs'™ and by using
numerical simulation technique, notably through the
Monte Carlo (MC) method, for more general cases. *1'
Compared with the MC technique, the analytical
approach is usually easier to use with superior precision.
On the other hand, the analytical solution can be
obtained only for several limited distribution functions
and may not be applied to the experimentally obtained
distributions. The MC method is a versatile technique
and could be applied to various polymer systems.
However, the MC simulation results always involve
some amount of error, as long as the sample size is finite,
and a long calculation time may be needed for obtaining
statistically valid distribution.
initial polymer

As an example, suppose the

distribution is given by the Schulz-Zimm distribution

* Materials Science and Engineering Course, Graduate
School of Engineering
Copyright © University of Fukui

whose weight-based function W,(r) is given by:
Wo(ri=

a? 7 5 or
- -—— 1
: ur(o)(u) exp( u ) m

where u is the number-average chain length, and o

represents the narrowness of the distribution.
When the
Schulz-Zimm distribution is severed randomly with

linear polymer chains having the

scission probability ¢, the resulting distribution is given
by:P!

1 - i') 1 ~1 ¥ AU
W(C,q)-; 2§7;+(I—§)57r+ o) z%(og) ka exp(-n§)

k=)
)
where &=r/u, 1=u¢,and C,is defined by:
o+kflo+k+1)=-2c+k+1)in+ (& ¢
Cw( X )-2( )en +(&n) @)

(o+k)(o+k+1)

Figs. 1-3 show the MWD change during random
scission process with o = 1 (the most probable
distribution), 0.1 (a broad initial MWD) and 10 (a
narrow initial MWD), respectively. The curves are
calculated from Eg. (2), and the symbols are from the
MC simulation method proposed earlier!'21' A total of
2x10* polymer molecules were simulated in the MC
method. In the figure, the magnitude of ¢u represents the
average number of scission points in a chain.

As the scission reaction proceeds, the distribution
approaches to the most probable distribution whose
polydispersity index (}_’“,/}—’") is 2. Both Eg: (1) and the
MC simulation results agree reasonably well. However,
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Fig. 1 MWD change during random degradation for
¥=1000 and o=1.
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Fig. 2 MWD change during random degradation for
¥=1000 and 0=0.1.
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Fig. 3 MWD change during random degradation for
%#=1000 and 0=10.

with a closer look at these figures, one would notice that
(1) the MC simulation results involve small but finite
amounts of errors, and (2) the high MW tail of the
analytical solution in Fig. 3 with ¢u =1 shows an
oscillatory behavior, as more clearly shown in Fig. 4.
This is because the summation in Eq. (2) involves
positive and negative terms that appear alternatively with
4 When the magnitude of each term in the summation is

extremely large, it is difficult to obtain the numerical
calculation results with high accuracy. Even the
analytical solution may not be free from errors when the
actual numerical calculation is conducted.

In this article, first, a simple calculation method for
the MWD formed through random chain scission is
proposed. [t is aimed to develop a method that works (1)
fast enough (2) with higher precision, and that (3) can be
applied to any type of initial MWDs. The equations to
calculate the number- and weight-average chain lengths
are also proposed. Then, it will be shown that the random
degradation theory can be applied to various problems,
including seemingly unrelated phenomena. The theory is
applied to: (1) the peroxide promoted degradation of

‘polypropyrene, (2) the MWD formed through the

conventional free-radical polymerization that involves
chain transfer reactions, (3) the effect of menomer
transfer reactions in a living/controlled ' free-radical
polymerization, and (4) the prediction of the particle size

distribution in microcmulsion polymerization.
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=
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3
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1.0 15 2.0 25 3.0 35

log, o

Fig. 4 Closer look at the MWD for ¥=1000, 0=10 and ¢u
=1,

2. Theoretical

2.1 Basic Strategy

The fundamental idea proposed in this article is very
simple. The MWD formed through random degradation
of polydisperse polymers is calculated by superimposing
the MWDs
monodisperse polymers. The solid curve in Fig. 5 shows

formed by random degradation of
the initial polymer distribution. Within this initial
polymer mixture, the shaded area represents the fraction
having a certain chain length. This fraction of polymer
would form the polymer represented by the lightly
shaded area through random degradation. The whole
MWD formed by random chain scission of the initial
polymer (represented by the dashed curve) can be



obtained by summing up all of the degraded fractions.

When the initial polymers, whose weight fraction
distribution is Wy(r), are degraded by cutting the bonding
with probability ¢, the resulting polymer distribution is
represented by:

W)= 3 WolsWor,5.9) )
§=r
where W,,(r.s,¢) is the weight fraction distribution
formed by random degradation of uniform polymers
having chain length s.

Wlog,;n)

10 15 20 25 30 35 40 45

log,r

Fig. 5 Fundamental concept of the calculation method
for the random degradation of polydisperse polymers.

2.2 Random Degradation of Uniform Polymer Chains

The functional form of the MWD formed by random
degradation of uniform polymer chains is already known.
. However, in this section the full MWD function as well
as the weight-average chain length is derived by using

[15]

the random sampling technique'™ in ‘which only a

simple arithmetic calculation is needed. The weight
fraction distribution can bc obtained by sclecting
polymer chains on a weight basis. The selection on a
weight basis can be conducted by selecting one unit

randomly from all units in polymer chains.
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Fig. 6 Derivation of the MWD function formed through
random degradation of uniform polymer chains.
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Consider a polymer chain having length s as shown in
Fig. 6(a). The probability of cutting cach bond is ¢. First,
consider the probability of having a chain with length r =
Woi(1,5,4). As
shown in Fig. 6(b), if one chooses the end units (first or

1 by selecting one unit randomly, namely,

the last unit) whose probability is 2/s, the chain with r =
1 can be obtained by cutting one bond whose probability
is ¢. On the other hand, if one chooses other than the end
units whose probability is (s-2)/s, two bonds connected
to the randomly selected unit must be cut to obtain a
chain with » = 1 whose probability is ¢. Therefore,
W.a(1,5,) is given by:

Wil 5.9) =§¢+~S;—2¢2 )

Similarly, W,,(2.s,¢) can be determined as follows. (i)
If one chooses the end units, the chain with r =2 can be
obtained by connecting the neighboring unit while
cutting the second bond. The probability of causing such
type of events is (2/s)(1-¢)¢. (ii) If one chooses the
second to the end units, the chain with » = 2 can be
obtained as follows. If the end unit is connected, the
other side bonding must be cut. On the other hand, if the
counter side from the end is connected, two bonds must
be cut, as shown in Fig. 6(c). The probability of causing
such type of events is Q@/s)(1-9ygH(1-9)¢’). (iii) If one
chooses other than the above units whose probability is
(s-4)/s, two bonds must be cut while connecting one of
the neighboring units. Therefore, the probability of
causing such events is [(s-4)/s]x2(1-@)¢". W,n(2,5,9) can
be obtained by summing up the probability for these
three types of possible events:

o)p+(1-g)p}s L=

(1- )

Wi (2.5.4) = %(I -¢)¢+§{(u

k)

~=i(l—¢)¢+<‘§+ 2(s;4)}(|_¢)¢2 (6)

The same discussion leads to:
6 6 -6
st 20-01'9+{2: LD )
In general, W.ni(r.s.@) is given by:

Y |
,,,,,(rs¢)=— = { El+ T 2,-} ¢)"l¢z

=l

=%(I—¢)r_l{2+(s—r-l)¢} 8

On the other hand, the chains with r =
only when no bonds are cut, and W,,(r,s,¢)=(1-¢)"". The
obtained results are summarized as follows:

s is obtained



%(]—¢)r_l{2+(s— r=1)p}  r<s)
um(’ 5.¢)= ( _¢)r_1 (r=1s) (9)
0 (r>vs)

For the cases with ¢ <<] and » >>1, Eq. (9) can be

approximated to:

9 {2 + }exp( pr) (r<s)
wu(r s fp)= exp( ¢r) (r= S) (IO)
0 (r>s)

Equation (10) agrees with the solution obtained by
Saito” in which the integro-differential equation was
used.

The number-average chain length can be obtained
simply from the stoichiometric argument. The
number-average chain length can always be obtained by
taking the ratio between the total number of monomeric
units and the total number of polymer molecules. The
number of polymer chains increases by one by cutting

one bond, and therefore:

= P,
P,, - | - _."!.0 (1)
;+(l_¢ 5, *lEo-1#
Pn,O Pn.O
where P2 is the number-average chain length of the

original (initial) polymer chains.

The weight-average chain length can be obtained from
the distribution function, Eq. (9) or (10). However, in
order to show the versatility of the random sampling
technique, it is derived by using this technique. Look at
Fig. 6(a) again. One chooses one unit randomly, and the
expected chain length so selecled is the weight-average
chain length. To simplify the discussion, let us assume s
= 4. Suppose one has chosen the first unit. In this case,
one unit has already been ensured. The probability that
the second unit is connected is p =1-¢ and if the second
unit is connected, the number of units on this chain
increases by one. Therefore, the expected number of
units up to the second unit is 1+px1. The probability that
the third unit exists in the selected chain is p°, and the
expected number of units up to the third unit is
]+pxl+p2xl. As a consequence the total - expected
number of units when the first unit is selected randomly,
P‘Sl’ is given by:

PV =14psp*sp’ (12)

Please remember that we are now considering the case

with s =4.

Next, consider the expected weight when the second
unit is chosen randomly. Toward the right direction, the
expected weight including the selected unit is 1+p+p".
Looking toward the left-hand side, the expected weight
is px1. Therefore, P is given by:

PP =1+p+pi+p (3)

Any unit on the chain can be selected with equal
probability, 1/4, and therefore, the total expected weight,
which is equal to the weight-average chain length of the
whole reaction mixture, P, is given by:

Po= (V4 FO + PO+ BY)

W

=%{(|+p+p2+‘)“)+(|+p+p2+p)+(l+p+p+pz)+(|+ p+ pz +p')}

il
—

(14)

In general for the initial uniform polymer chains with

4-x|N

+%{(p+ P+ p3)+(p+ p2)¥ p}=

r =s, the weight-average chain length is given by:

A L2 s(1=p)+{1-p’
w mn(s P)—]+ 221 .D )—(2']
S aia (1-p)
(15)
By substituting the relationship, p=1-¢, one obtains:
2(1-9¢)
nuru( @)=l ———"q@s -1+ ]—¢) (16)
=i a2

Equation (l6) agrees with the equation developed in
ref!” in which the cascade thcory was used for the

derivation.
When ¢ <<] and s >>1, Eq. (16) reduces to:
= 2
Prni(s:9) = E{@ ~ 1+ cxp(-¢s)} (17)

Equation (17) agrees with the one derived in ref."™! in
which the integro-differential equation was used to solve.
Further, it is straightforward to show that Eq. (16) is
obtained by summing up the distribution function,

1—’,,._“,”-(s,¢)=2rW (r,s,¢) using the function shown

unti
r=]

in Eq. (9). In addition, it was confirmed that Eq. (17) can
be obtained from P, i (5. = f rW, i (7.s,9)dr by
using Eq. (10) for the distribution function.

2.2 Random  Degradation of Polydisperse Polymer

Chains
The MWD formed through the random degradation of



polydisperse polymer chains can be obtained from Eq.

(4

W()‘,¢) = 2 WO(S)Mlmli (r,s,(p)

3=r

2elezr= -y

—ro(l-9)" S Wals)

=yl
(18)
When ¢ <<1 and s >>1, Eq. (18) reduces to:

[s— r)(p

W) = rgexpl=gr) [ Wo(s) 1 ds + Wy (rexp(-¢r)

g

n 2 =
srg exp(—q{)r)fr'""‘ Wo(s) —-—~—+ (s ’)qb

- ds + Wy (r)exp(-¢r)

(19)
where ¥ represents the chain length above which Wq(r)
practically drops to zero.

Fig. 7 shows the calculated results when the initial
polymer distribution follows the  Schulz-Zimm
distribution with ¥=1000 and 0=10. As discussed in the
introduction part, Eq. (2) has troubles in conducting the
numerical calculation, and shows an oscillatory behavior.
On the other hand, Eq. (19) shows a nice smooth curve
up to the high molecular weight 1ail that agrees with the
MC simulation results. The present method works pretty
fast and is free from statistical errors. In addition this
method can be applicd to any initial polymer distribution
including the experimentally obtained ones.

For the number average chain length, Eq. (11) is valid
also for the polydisperse systems,

The weight-average chain length can be obtained

from:
[ [u=1000 ' ‘ T ]

il =10
= 1.5 u=t 5
gf ! ® MC method |
R [ Eq. (2)

055 ——— Present Theory
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Fig. 7 Calculated MWD formed through random
degradation of polymer chains having the Schulz-Zimm
distribution with 2=1000 and 0=10 when the degree of
chain scission is ¢u =1.

(%)
=1

ﬁ“’ = 2 WO (‘S)P_)w,uni (S, ¢)
s=|

2(1-¢) & ps=1+(1-¢)’
=1+{¢—2)§W0(s)—;—) (20)

For ¢ << and s >>1, Eg. (20) can be approximated
by:
B, = [ Wo()Py nils.)ds

- d%-f;‘ Wy () T H AR j“’(”‘p“) s @1

When the initial polymer distribution Wy(r) follows
the Schulz-Zimm distribution represented by Eq. (1). Eq.
(20) leads to obtain:

= 2= o .
Pw-l+—m;&2 [uqb I+[——cr—uin(l—¢5)]} (22)

Equation (22) agrees with the equation derived in
refl’)

On the other hand, when Eg. (21) is used, the random
degradation of polymers having the Schulz-Zimm
distribution leads to:

- 2 P a
= - 2
B uqbz {urp t+ (0 + u;b) } @3

Equation (23) agrees with the one developed in ref.l’]

3. Applications

3.1 Polymer Modification by Degradation

The most straightforward application of the present
theory is to investigate the modification of polymer
distribution by the random chain scission reactions. As
an illustration, the experimental data for the peroxide
promoted degradation of polypropylene reported in

¢l are used. In the present investigation, the main

ref.
purpose is to show the versatility of the present method;
ie., the present method does not require the MWD
represented by some distribution function, but the
experimental data that may involve errors could be
employed directly. Therefore, we are not going into
detailed discussion on the chemistry of this particular
reaction system,

The actual reaction mechanism of peroxide promoted
degradation of polypropylene could involve complicated
reactions; however, it was reported that the random
degradation model agrees reasonably well, at least for



28

the prediction of average molecular weight development
during degradation.!'*} ']

The bold curve in Fig. 8 shows the initial polymer
distribution. We have taken a set of discrete data from
ref!'" reported graphically. It is expected our numerical
data involve some amount of errors because of the
read-out method, in addition to the

experimental errors. Equation (19) was used to calculate

graphical

the MWD formed through random chain scission. A
spline function was used to interpolate the discrete data

for the numerical integration.

W(log,qr)

log,yr

Fig. 8 Peroxide promoted degradation of polypropylene.
The solid curves are the experimental data reported in
ref!'%), and the dashed curves are the calculated.

In the reported experiment!'®t U') the initiator,
2,5-dimethyl-2,5-bis(t-butylperoxy)hexane was used as a
radical generator. The weight percentage of the initiator
used is shown in Fig. 8. The ¢ values used are 8x10”° and
5x10“‘, respectively for 0.02% and 0.30%. Note thal

these values were not optimized, and should be regarded

as a rough measure of the degree of chain scission. The
calculated results agree reasonably well with the
experimental data, except for the larger chain length
regions. ‘

Up to the present, the average molecular weight data
have been mainly used to investigate the polymer
degradation. The use of present method promises a more
detailed investigation using the full MWD data.

3.2 Chain Transfer Reactions in Conventional
Free-Radical Polymerization

In this section, it will be shown that the random
degradation theory can be used to investigate the effects
of chain transfer reactions, by confirming that the present
theory leads to a well-established theoretical MWD
function for  the

conventional free-radical

polymerization.

The most probable distribution is the most
representative MWD function of synthetic polymers, and
the instantaneous MWD (formed within a very small
time interval) of free-radical polymerization follows this
function when the combination termination reactions can

be neglected, which is given by:llsl

I r-1 T 2
Wo(r)=r(—) (—) (24)

l+7 I+t

N
T= [R,,, + ERf,,.) /Rp (25)

where K, is the rate of disproportionation termination, R,
is the rate of polymerization, and R, represents the rate
of chain transfer reaction of type i. It is assumed that
there are N types of chain transfer reactions. Therefore,
when another type of chain transfer reaction is
introduced, 7 should be changed to T=7v+& where
E=R;n /R, Note that the lifetime of a growing polymer
radical is very small, and therefore, the concentration
change during such a small time interval can be
neglected. The values of Tand 7 are considered constant
in the instantaneous MWD.

In the present reaction system, a dead polymer chain is
formed either by disproportionation termination or by
chain transfer. When an additional chain transfer reaction
is introduced, the probability of chain stoppage by this
additional transfer reaction is:

po—> @26)

1+z+&

When chain transfer reaction occurs, a new growing
polymer chain is formed at the same time. Therefore, the
MWD formed by chain transfer reaction is equivalent to
considering chain scission of the polymer molecules
without the transfer reaction.

Because the probability of chain stoppage through this
type of chain transfer reaction is the same for all bonds,
the formed MWD can be calculated by application of the
random degradation theory and is given by:

W(r)= 3 Wo(s)W,(r,5,9) _ (27)

s=r

By using W,,(rs.¢) given by Eq. (9), Eq. (27) leads
to:

Wir) =(| :t)zd’(' -9 i [H%)H {2+(r-s- |)¢}+r(g)hl(ﬁ)2

smrel

r-1 .\2
i ,(1_-9) (‘i"f_’) (28)

I+t l+t
Substituting ¢ represented by Eq. (26) into Eq. (28),



one obtains:

r-1 2 7=l . \2
W(r)_r( I ) (ng ) =r( 1 ) (1: )
l+7+E& I+T+& 1+t 1+1

(29)

where T=7+&.

Equation (29) agrees with Eq. (24|), which shows that
the effect of chain transfer reaction can be investigated
by using the present random degradation theory.

When the combination termination is involved, a
special consideration is needed for the bonding formed
by the combination termination. If this bonding is cut,
the fate of the coupled polymer radical by the
combination must be considered. To be exact, therefore,
the present theory cannot be applied in a straightforward
manner. On the other hand, however, the polymer chains
normally formed in free-radical polymerization is large,
and it is reasonable to neglect the effect of this single
bonding on the whole MWD.

When the polymer chain length is large enough, the
MWD formed in free-radical polymerization, including
the combination termination, is given by the following

continuous function:!'*¥

Wo(r)=(z+ ﬁ){r +g(r + ﬁ)r}r exp{—(r + /3)(} (30)

where B=R./R, and R, is the rate of termination by
combination. :
The probability of chain scission- for this case is

represented by:

& =3
P TerepeET 3

Note that we are considering the cases where the
formed polymer chains arc long cnough, and thercfore, 1,

B, E<<l.
By application of the present theory, the MWD

formed with the addition of another transfer reaction

¢

would be given by:
W(r) = [T Wo(sIW,i(r,s,9)ds (32)

By using W,.(#5, ¢) given by the exponential function
Eq. (10), one obtains:

Wiry=(t+ [5)¢rexp(—¢r)f:{f+ §(1'+ ﬁ);}{z -v:(s— r)¢} exp{~(z+p)s}ds
+(t+ B){'H g(r+ ﬂ)r}rcxp{—(r+ B+ ¢)r}
=(t+p+ §){r+ §+—Izi(r+ﬁ * §)r}rexp{-(‘r+ﬁ+ £)r}

- (r’ + ﬁ){r' + g (v'+ ﬁ)r}r éxp{-(f' +B)r} (33

29

It is shown here that the present random degradation
theory can be applied to investigate the cffect of chain
transfer reactions on the MWD. The necessary condition
is that the rate ratio, & =Ry 1/R, is kept constant during
the formation of a polymer chain, which is valid for the
instantaneous MWD in the conventional free-radical
polymerization.

If the (N+1)th transfer reaction is the monomer
transfer, the &value is kept constant during the whole
course of polymerization. Therefore, the accumulated
MWD can be obtained directly by application of the
present theory to the accumulated MWD estimated
without monomer transfer reactions as the initial
polymer distribution Wy(s).

3.3 EfTect of Monomer Transfer Reactions in Living
Radical Polymerization

Recently, the controlled/living  free-radical
polymerization has been significant academic and
industrial interest. An important motivation to employ a
living free-radical polymerization is to produce polymers
having narrow distribution. The frequency of
bimolecular termination can be reduced by lowering the
active radical concentration, preserving potentially active
radicals as dormant. If chain transfer reaction is involved,
in general, the ratio R/R, changes along the chain. On
the other hand, however, every effort is usually made to
reduce the chain transfer reactions by carefully removing
potential chain transfer agents from the reaction system.
In such cases, the only chain transfer reaction that cannot
be prevented is the monomer transfer reaction. For the
monomer transfer reaction, £=C,, wher¢ C, is the
monomer transfer constant, is kept constant during the
whole course of chain formation. Therefore, the present
random degradation theory can be applied to consider
how the monomer transfer reaction broadens the MWD,

As already pointed out,l'” the living radical polymers
having very long chain lengths cannot be synthesized
because of the monomer transfer reactions. The
maximum number-average chain length attainable in any
free-radical polymerization is: )

Popax =1/C.y 34)

The MWD formed in this case is the most probable,
and the polydispersity index (=}—’w/}_’,,) is 2. In order to
obtain narrow distribution polymers, the chain length
designed to synthesize E,'dm-g,, must be much' smaller
than P,

nmax*

Normally, C,<<I, and it is reasonable to set ¢ =C,,.
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The full MWD would be obtained from Eq. (9) or (10)
by using the We(r) function that does not account the
monomer transfer reactions. The number-average chain
length can be obtained from Egq. (11), and the
weight-average from Eq. (16) or (17).

It was recently shown that the MWD of the ideal

living radical polymerization is given by:*%

Wo(r=(1-p)* p ' re =1+ r2:(1- p)z]  35)

where z is the average number of active periods during
polymerization, and p is the probability of connecting the
next unit during the active period that is equal to the rate
ratio, RI,/(RI, +RD) where Ry, is the dormant formation
rate. In the above equation, it is assumed p is constant,
during polymerization, and the active periods are
distributed randomly. In Eq. (34). F(a,b;x) is the
confluent hypergeometric function (Kummer’s function
of the first kind), represented by:

Flabiy=1+ 25 aat]) 2 (36)
b b(b+1) 2!

The MWD formed with the exislence of monomer

2

transfer reaction can be calculated from:

2 +C,,,(s—r)]-
5

W(r)=C,rexp(-C,r) mf‘ M.(o‘)-{ ds + Wy (r)exp(-C,,r)
r

(37)
A problem for applying Eq. (37) with the initial MWD
given by Eq. (35) is that it may take rather long
computational time depending on the calculation
conditions because of the complicated hypergeometric
function. In such caseé, one can tresort o a faster
calculation method. First, obtain the discrete data points
for the initial MWD Wy(r). Then, the continuous
approximate function is determined by using, for
example, a spline function. Finally, the spline function is
used to conduct the integration in Eq. (37).
Some of the examples of the calculated results are
shown in ref.?® [t was found that in terms of the weight
fraction distribution, the designed number-average chain

length P;,‘dc\.,.g” should be made smaller than about 10%
of ﬁ"‘max. On the other hand, however, a significant

number of shorter chains are already formed even when

. 0 =y
Pn.t/e;ign 13 as small as 10% of Pn.mﬂx
(P design = 0.1x P, nax ). In terms of the number fraction

distribution, it may bc better to kecp smaller

n.design
than about 5% of P, ... If the purpose of using living
radical polymerization is to synthesize well-defined
block copolymer, it is recommended to kcep. F‘n

smaller than about 5% of I-’,,‘max.

Jdesign

Application of the present theory to the initial MWD.
predicted by the Monte Carlo simulation method can be
found in ref.?"?

3.4 Particle Size Distribution (PSD) Formed in
Microemulsion Polymerization

In usual microemulsion polymerization, the amounts
of monomer and emulsifier initially charged are
comparable, and the number of micelles left in the
system is much larger than the total number of polymer
particles throughout the polymerization.”?! Therefore,
the probability of radical entry into the preformed
polymer particles is negligibly small. As a simplest
model, the microemulsion polymerization can be
considered as a polymerization without bimolecular
termination.”™ 1 For such a living system, the polymer
chain stoppage is dominated by the monomer transfer
reactions. without the existence of other chain transfer
agents. The polymer particle stops growing when an
oligomeric _radical formed by thc monomecr transfer
reaction exils [rom the particle,!2H

The probability that a growing polymer radical causes
the monomer transfer reaction is C, /(1+C,)=C,, .
The oligomeric radical (mainly monomeric in most
cases) formed by the monomer transfer reaction may
then diffuse .out of the particle with probability P.,;.
Therefore, the probability of the radical exit from a
growing polymer particle before adding next monomeric
unit, ¢, is given by:
be = ConFeci (3%)

It is expected that P, is larger for smaller particles,
and P,y should be particle-size dependent.m]‘ 1281 On the
other hand, it was reported that the model that neglects
the size dependency of P,y agrees with experimental
data reasonably well,”! especially when one considers
relatively large experimental errors involved in
measuring the PSD.

The major objective of the present theoretical
investigation is to explore the possibility to synthesize
polymer particles wilth narrow distribution qualitatively,
and we use a constant ¢.-value in the present
investigation. For more detailed investigation, one can
resort to the other simulation techniques that account for
the nonrandom chain scission, such as the MC
simulation method.

Fig. 9 shows the basic concept of the present model
microemulsion polymerization systen1. At ¢ = ¢, a radical
enters into a micelle, and the particle starts to grow. The



second radical will not enter this particle. The growing
polymer chain may be stopped by the monomer transfer
reaction, and a new chain may be formed in the particle.
The particle continues to grow until the monomeric
radical formed by the monomer transfer reaction exits
from the particle. Neglecting the bimolecular termination
in the water phase for simplicity, the radical that exists
from the particle enters into another micelle to generate a
new polymer particle. These processes continue until the
polymerization is finally stopped at = #5.

.
|

Radical entry

Radical exit

0 T‘ = 1 = = * time
[/
& Particle 1 L  Pparticte2 *
Partticle
nucleation

(Radical entry)
Fig. 9 Schematic representation of the particle formation
in a model microemulsion polymerization system.

During the time interval between ¢, and fg, the total
number of monomeric units added to a single radical, i.e.,
the sum of polymerized monomeric units both in the
particle 1 and 2 in Fig. 9, r is givén by:

r= k| M1,dt (39)

where [M],, is the monomer concentration in the polymer
particle.

Suppose the weight fraction distribution of polymer
particles without the exit of radicals is represented by
Wy(s), the weight fraction distribution with the existence

of radical exit is given by:

W(r)= [T Wo(sIW,,i(rs5.¢)ds

- exp(_¢,-){¢, fr*_vygg_)[2+ (s- r)].¢ds + Wo(r)}
(40)
where ¢ = ¢, given by Eq. (38).
The number fraction distribution, N(r) is therefore
given by: K
t:xp(-:.ﬁr){gt»f:L N,:,(sj[2 +(s- r]]gb ds+ N, (r')}
j; cxp{—eﬁr){tpf:; Nyl s}[z +(s- r)]¢ds + Nt,{r)} dr
@41

N(r)=
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First, we are to determine the functional form of Ny(r).
Suppose an initiator, whose decomposition rate constant
is ky, is used, the functional form of N, when the
independent variable is time, ¢ is given by:

kg exp(=kat)
I~ exp(~kytp)

Note that Ny(f)dt shows the number fraction of

particles generated during the time interval between ¢ and

No(t) = (42)

t+d¢, without the existence of radical exit. From Eq. (39),
No(s) is given by:

NQ(S)= NO(t) - No(t)
k]JIMlP kI’IMO IP(l_x)

(43)

where [Mo], is the initial monomer concentration in the
monomer-swollen micelles, and x is the monomer
conversion to polymer,

For a microemulsion polymerization, it was
reportedm]' 24 that the following equation describing the
conversion of monomer to polymer, x agrees reasonably
well with the experimental data, except for a high

conversion region:

x=1-exp(~ak,r?) (44)
where « is a constant defined by:
a=k,riiM{J IFUU wift (45)

Mo

In Eq. (45), f is the initiator efficiency, [/o]. is the
initial initiator concentration in the water phase, m is the
molecular weight of monomer, and M, is the weight of
monomer initially charged per unit volume of water.

Note that any conversion-time relationship, including
the experimentally determined equation, can be used in
conducting the present theoretical investigation.

The relationship between the particle diameter D, and
the number of monomeric units # is given by:

aN,.D;
- H¥ gl (46)
6m
where N4 is Avogadro’s number, and p is the polymer

density.
Hlustrative calculations of the PSD: We used the
following constants for the illustrative calculations;

p=lglem®, m =100, and ak,=2x10"°. The solid curve in
Fig. 10 shows the conversion development during
microemulsion polymerization, calculated from Eq. (44)
with akd=2xI0"’. We set the reaction time, ¢ =20min,
and the conversion at that time is x =0.944.

The fraction of initiator radicals generated F,; is
represented by:
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Nin=-N
Fiiy = et (s R (47
Nm 1 N.‘.:ﬂ

where N, is the number of initiator molecules, N, is that

of the initial value, and N,, is that at t=ts.

The dashed curve in Fig. 10 shows £, when
k~1x10°s™". In the present example, because 4, is small,
new initiator radicals arc generated continuously,
resulting in a continuous production of new polymer
particles,

The solid curve in Fig. 11 shows the particle size
distribution without radical exit when £,[M,],=1000 s™'.
The particle size distribution is broad, with the number
average diameter 5,, =34.5nm and the coefficient of
variation CV=42.4%,

calculated PSD when the probability of radical exit,

The dashed curve shows the

¢ =5x10". In this case, the average number of radical

exit, ¢rp=3.08, where r; is defined by:
re= [ koM |, dt (48)

Next example is the case with 4;=1x107s" and No(r) is
broad in the present example, and the PSD with the

1.0 T T T -
0.8
Initiator decomp.
z 06+ Fyis

e

53 041 -~
0.2} Conversian; x il
0.0 | | 1

0 5 10 15 20
Time |min|

Fig. 10 Conversion (x) and the fraction of initiator
radicals generated (Fj,;, defined by Eg. (47)) as a

function of time, with ak,~2x10" and k=~1x1 0°s.

N(D,)

30
25
20
15

-

35x107 ,

Without exit
No(D,}

0 10 20 30 40 50 60

Particle diameter; Dp |nm|

Fig.11 Calculated particle size distribution with and
without radical exit for a slow initiator decomposition
with IQ,=1>(10'6 s,

existence of radical exit makes the distribution narrower,
with 5,,=27.8nm and CF=39.1%. Similar theoretical
PSD profiles as Fig. |1 were reported earlier in ref.[*”!
ky[Mo],=200 s, while the other constants {except for
the ¢-value that will be discussed laler) are the same as
the previous example. The time development of x and
Fiyis for the present case is shown in Fig. 12. The aim of
the present example is to examine if small polymer
particles with a narrow dismribution can be synthesized in
microemulsion polymerization. It is obvious that a faster
initiation results in a narrower PSD. '

The solid curve in Fig. 13 shows the particle size
distribution without radical exit. The particle size
distribution is very narrow, with 5,_, =32.0nm and
CV=6.7%. However, the exit of radicals from the
particles results in forming new particles, and the PSD
would become broader than this distribution.

The dotted curve shows the calculated PSD when the
probability of radical exit is ¢=1x10° where the
average number of radical exit, ¢rp =0.123. The
calculated PSD is still narrow, with 5ﬂ=30.5nm and
Cr=15.1%.

08 7

[nitiator
decomp.; Fyy

0.6

UI_E
7 04, Conversion: x -
024 3
{
0.0 -
0 5 10 15 20
Time [min|

Fig.12 Conversion (x) and the fraction of initiator
radicals generated (Fj,;) as a function of time, with

ke1x107%7",

0.5 } T

04 — Withour exit =
= - ¢ =1x10"
= --- g =5x10* i
. 02} |

0.1}F |

0.0 b=szzadasaaidat ol

10 15 20 25 -

Particle diameter; l)P [nm]

Fig. 13 Calculated particle size distribution with and
without radical exit for a fast initiator decomposition

with kd=lx10'25".



Obviously, the PSD becomes broader as the ¢-value
increases, and when ¢ =5x10, the PSD is shown by the
dashed line in Fig. 13, with 5,, =26.4nm and
CV=26.2%.

From the theoretical point of view, the polymer
particles with small 5,, and CV could be produced if
(1) the initiation period is short enough compared with
the whole reaction time and (2) the polymerization is
stopped before the radical exit, namely, by keeping the
¢ri value small.

4 Conclusions

A simple computational method for the random
degradation of linear polymer chains is proposed. This
method works fast enough in a usual PC with high
precision and can be applied to any type of initial MWD.

In addition to the polymer degradation reactions, the
random degradation theory can be applied to various
interesting phenomena seemingly no resemblance to the
polymer degradation. The theory was applied to the
investigation of the effects of chain transfer reactions in
both conventional and living free-radical polymerization.
For the monomer transfer reactions, the accumulated
MWD can directly be predicted by application of the
random degradation theory. For living radical polymers,
the present theory can be used to determing the designed
number-average chain length T’,,“,m-g,, that are not
the monomer transfer

broadened significantly by

reactions. The f_’,, value must be significantly

design
smaller than 1/C,, where C, is the monomer transfer
constant.

The random degradation theory can also be used to
estimate the PSD
polymerization. It was found that the polymer particles
with small D, and CV could be produced under the

reaction condition where (1) the initiation period is short

formed in microemulsion

enough compared with the polymerization tin"le, and at
the same time, (2) the polymerization must be stopped
before the particle size grows too large. The number of
polymerized monomeric units in a particle must be
significantly smaller than /¢, where ¢, is  the
probability of radical exit.
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Shape of the basin of limit cycle of Hodgkin-Huxley model in 4 dimensional initial value space
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The structure of the basin of limit cycle of Hodgkin-Huxley model was investigated by carrying

out the numerical simulations.

limit cycle of Hodgkin-Huxley model has 4-D structure.

As the Hodgkin-Huxley model has four variables, the basin of

The external input current to the

Hodgkin-Huxley neuron was important factor for repeated firing, i.e., the limit cycle solution.

When the external input current is low, there is no stable limit cycle solution.
of basin of limit cycle increases with external input current.

In general, the area
We determined the detailed shape of

the basin in 4 dimensional space by changing the external input to Hodgkin-Huxley neuron.

Key Words : Hodgkin-Huxley neuron, Initial value, Basin, Phase diagram, Limit cycle
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Cooperation action using the voice in a soccer simulation

Masashi YOSHIDA *, Haruhiko SHIRAI**, Isamu TAKAHASHI**,
Jousuke KUROIWA**, Tomchiro ODAKA** and Hisakazu OGURA**

(Received January 31, 2007)

In multi-agent system, a cooperation behavior is an attractive problem. In the RoboCupSoccer

simulation the environment of each agent dynamically and suddenly changes. Therefore, it is difficult

to solve the problem in the cooperation behavior. The difficulty would come from the uncertainty of

the position of the other agents and the ball, getting from the visual information, and from the fact

that each agent can not know the internal state of the other agents. In order to overcome the problem,

we focus on the voice as one of communication tools and design the strategy of the soccer team.

Key Words: RoboCup, Soccer Simulation, Multi Agent, University of Fukui
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LEO Agent Model for Real-time Adaptation

Tomomi KAWARABAYASHI*, Takenori KUBO**, Isamu TAKAHASHI***,
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We propose a learning agent model for real-time adaptation based on LEO (Learning from

Experience and Observation), in which "Leaming from Observation (LO)" is incorporated with

"Learning from Experience (LE)". In the present paper, the LEO agent model is applied for a soccer

agent to adapt its shooting decision to its opponent in the RoboCup simulated soccer games.

Through ninety experiments by using the RoboCup Soccer Simulator, the broposed model can

improve a success rate of "shot" action to 0.12 from 0.04 (non-learning) and 0.06 (LE model only),

suggesting that the LEO agent model works effectively for a real-time adaptation problem.
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Design of Communication System of Swarm Robots during a Real Contact

Takayuki HIRATA" and Hideyuki KAWACHI"*

(Received January 31, 2007)

We designed the communication system during a real contact for swarm robots.

The simple

electric circuit and micro-computer enable the robots to communicate, when the robots contact

with each other.

We don’t aim to make the perfect communication system free from a miss in

data transmission, because the system is designed for the bio-inspired swarm robots, c.g., ant

robots.
it to the research of swarm robots.

We tested the performance of our communication system and discussed the application of

Key Words : Communication system, real} contact, swarm robots, bio-inspired robot
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line

output port <

Jeadwosoioi

Pt
input po %

B3 <Az bLRERBELBWIEEEVRT L.



1 Switching of states  Communication starts.

- | - 1
- L | >

i The robots contact. 1 ;States of lines are fixed. |

1 ;
i ' - out |
. state of ! ff {
. robot A L i
] : b i.n
} [ I}
| [
a . FOF s DR i
| state of ges P
i robot B g S|
. i
I > .
! time lag

R4 @ETADREDLID S A LT ¥ — |

1 ODEETA M~ A 30 output R— b &
input H— MIEFEINTHD (IM3BW). WET
AL, w43k CTORMTEE - ZFIC
goEzonsd, 2T, 2 A0Oaky MAEM LT
WharEix Ly BETA L, EE - ENYY
BbhoTWBENT, 2 A0uRy hOERZFDOLY
Bz 44 IV DERI—HLTVWAHELRRE,
HREE, LY HEBRREFEERD. Ior X,
F—ATFETHERy b, ZFETHREY PR
5. K42, 2B80uRy FOBET A COEX
EORENRD Y LA T 24 LT ¥ —h& LT
AT
HBIE 74 RN OKECEHEDORE) & (X, w4
21 @ output A— F D)% high(+5VICL TS
PEEAZS . “oRET, 2Ry Mo REy b
EEEE LTV AW, output R— h OISR
BEOMROEHEZR LT 72 Flchiiihhd., 22l &
HRED 2 E0uR Y PARERLAZELTH, Pk
B} & A A —RIZE D, output R— MBI
HiAge = Li3ely. Fiz, WET7 A4 VB AJIOIREE
(ZEDINEE) £ 1, output H— k% low(OV)IZ L,
input R— D AFED high A>low & <A 2D
BEHLTWARIEEZS 5. uRy MBMloo Ry
& A LT ORVRE, input R— b O AL Tow
2725,

2HEOIRy MM L-EE, 2 Forky b
DMZ 5 A o DINBEIL, 3 DD F—IHHIEN
5. D—FoaRy hO@BEFTAHBAL, bI—
HToaRy hOWETA BHAOEE. 2) 260
oy bOBETA UL ELIHOBRE. 3) 2
BorRy "OBETAUBME ELANDBET
H5H. NOBARE, HETHL3CIREREIICD
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HLENRTED. DHDT DB, BIE2RIT
UHADAETIT, MAIZRENTWD K (T time lag
PAELD.

3. HEABETRT HOBUE

3.1 BELABERELBETATY XA

[ 3 ISR LT s v AT L2 8FL, mdly
MIER LT, SEBRDTHE I hERSDHE
Era /2o f. w4 3241213, Renesas Technology
HovAf sz a—%H8 77 I Y 16bit CPU
T D H8B052 & b bz, 7235, REERDHEHL
IZ0E, 10kQ oz b b, EFIRIE L /-
WE Y AT LORERMEDOH S Z 14 6 IR T, (R#
[al¥&1E, HS8/3052 @ VO R— hMI¥EmEn T 5.,
e, 2 B0uRy MAEMLCE X, FEFZNR
ToOF—F@ENRBIRXDL DL, HSIZRL
EEBICIE2 POEET A U BREESA TS, &2
B, H50RKIZE, @5 AT AOBERIEDT

bottom view

top view

$H?D LED T MA 5h T a.
5 EEE S AT LORENEE.

Feat U7 pd(s o 27 Lk, 88T A o hfhPl
BT L T WD & E DAL, T—HEENREBIAR
25, By saRy NRLOBHESHLEZEE, B
FREGIZ I L TV AR R < ARV S ERRY Tl
LTWAMOMAEMZREL I D VAT A TH
L=, F—HBERICHENICHNLTLE D &,
EECKRT 5 EVHRENAEDS. Lo, BN
A FOEREOT — ¥ BE2ME LIRS, MW
ICHERR L TV AIIS, R8I0 Z LITRRET
HBH, FEi, HLEMEM R EONTEREE 28 L7
IRy MIERTHENI L EEXDE, HERL
B8 100%DFEETT — FBESRINTDH LV D
FERRIBET AT A THILELRL.

F—H@EIE, YV TABETHD. I T,
t o b GHlIEORRDEOHOEIE L—  f 2~
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Eio, WEEGERAE B X S b &, fEAb L BRI,
EMRERTEETHOIHERNRKRED. Thz,
BN 6 R IS BIE R BRBT A Z LT L,
BB LR A Rz, K61E, At L UNE

BL— R fEINPNRTLIFRTIHOBAR THA.

| The system detects the contact.

Start of data transmission.

! output : e SE T
port H - - {
1 I G T
b
"' transmission rate
|

‘
t: waiting time

3.2 WfE Xk

K5IZRT 220 ETA 2L 2-HARE 0 R
v MIHB#E L, FRRCREFN@E2 T2 EREZEB T
Bole. £, fFbEA #EZ2 L EOBED
RENBETHT. Input B— F~AARH DL E 50
(&, input K—hELTHVYETOERE~YA 2D
VOR—hEEZZ— L THRTWS, VOR—ho
EOTAIRY I, B o=42us 252725 L HI
7u s F 5 L7 EAIZ, input A— M2 high DA
J1EBMLZ#, 3 nE inpu R— hOFEAE Y E
Mhigh Thofo b &% An)&+5. 2B, An)iI,
n K> T—EREIIREDZDIT TRV &IZiE
BELLD. BEL—h f %24kHz (1/£=420ps I1Z5%
E)e LT, #RMHTI10EERZIBI 2, @ED
IR ERDT-. 1283, BETDHT—4 &id, 8~32
bits & L7z, & 11E, AmEEZ- L EDBEDK
DRZELDHIZLDTHS. FHLEMAt=0 =1
SIS TH)OEVHFLERFFAE N E E L0, n=30
(AtGB0)=29X 42=122us)D & & D F A @IE DS
TR ERDD.

#£1 Stn)LiBIEORHR

data
n 8bits 16bits 24bits 32bits

1 30% 30% 20% 30%
10 50% 40% 40% 30%
30 60% 40% 40% 40%
50 50% 30% 20% 30%
80 40% 30% 20% 30%
100 50% 40% 20% 20%
7B, BEL— NI U/F=420us THAS,

wIZ, n=30 (AEO)ELT, WEL— &Lz
To b X DBMEDWIIRER R, EREMHT LI
10 [A|KBRE BT RVIBIEDORIIEEZ KD, €212,
BEORIFELZ LD, K2MD, =336ps HD
UM f=420ps O > F@(EORDBAEBHR T &
MEIMB.

R2 BEL— L LAEORDE

data
1/f 8bits 16bits 24bits 32bits

42us 20% 10% 0% 0%

126us 0% 20% 10% - 0%

210pus 50% 20% 30% 10%

336ps 30% 50% 30% 10%

420ps” | 40% 25% 25% 30%

RI6 LA LWE L —  IORAR.

HHRENIAG)E LTS, *420ps DF—F (2D
WTIE, 20EEBRE B ZRo7 & E DO/TYER.

REmE(EIL, 2 SDBEET A o &~ TRIBEIZ
BIRIFEUND, 1HOOBESA L OESES
UINB2B3Z LIk -TEBIR I FERDHS. 1o
DBETA U EES>TESEEFBIRIBHIL, B
BRRIN 2 {ENDENITAY v b BB, — 4,
2ODBRETA L EES> TRIFICHFREE 2B 2
ROGE, V7R AL 2EHI2DT A R
BIRFIZ 8 L i hidie 57200, 320 F 1
DLOTHEMARRICARD E, BIETRTI L2
LODWBIET A 5465 FikiZ, FFIZEmML TV
RiTh@Rnblinws A, 720K S4 028
B2ODTA L THhDHOT, BIER & Dk
RREFEFNEIRDEVIRAY v b3H D, £ T,
1 ODMEET 4 %46V, n=30, 1/f=336us & LT,
WEDORIEER -, K312, ERFEREL T LD
b DERT.

K3 1 RDBETA v EOh > BRDEINR
data 8bits 16bits - 24bits 32bits
success 50% 60% 40% 60%

I ITH, A BRI A0), BIE L — b Uf=336ps.

4, FeH

HoRy MIERTLEMEE S AT L &R -
BUELT=. 2 DOBET A v &2 - RN 5 6@
BOEREBI Lo/, BEMBEIATLTIE, 7
— FEEDICRET A L DEMARNELS &, @
ERRERIZRY, BEXKREL-TLES. #2
T, BfF L— b B X ORHRE A 2 BRI E X
RNRG, BEORIERL-LLEIL RSB fBLV




At DffZ RdTz, £z, 120 IET A & EN
ESEROIVEZAZLIIZLY, WHMEFEELZ
ROEBREBR IR, Lol LBEOHIIENEL
KDBEL— P TZEKDIZ. 2OD@ETA %D
L RIBHC D L aad(E #3824 5 JiikL 1 >OiB(E
TA RS BVEZEERT T X RITABE
FBIRDFEEFLRELESS, WHHCAY ¥

FeF AUy bRHYD, RERTHE, FHbH8LW
MO EITHE R o7

Pefh(gd o A7 LA CHEL, 08 T A o OB AY
WEDENBOKERT 7 7 —ER>TD. H
sy MR T A ST~ T, K& BEOMS
BNEL DM NRSHD. £, BIEVAT AL
LhbWETR I IV LRRORMAS D, £
ez, SEOERBIITHERE VL0 Lt
vy, L, @BERFEHERKRE~M 20427,
BEOE(E o AT LAOBRECRSI LI Z LiX, 5%D
HeRy b~oilg2E, Hedhy FOBIEICES
WCEi 2 BEV AT ADOAREEERL LIS L
B. FlziE, B A XHEL, BEEN @
1572 VNN SRR TIE¥ET DR Ry b ~D
ISR ERMIBTCED.

Ltk ERREE VAT ADOURBRBLRZOU AT
LEFHaBBERE L CHDRa Ry MICE L,
HoRy FOTRELEEZERTHVRERLS IRV
EFEZ TS,

E IS

M F 2 U LT OMEE R T ATER
BRI FETEED A L /3— L ORI LB
25 BT, ERICHERTLE. T, KGR, B
AT 2006 EEE B K ERFIT AR - LFEL TR
HESaC s FOFME OV TE IR 10)
DTY. BRI, B LED

BEIR ‘
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Human Resources Theory and the Personnel Cost
—Human Relations through the M&A Cases—

Yasunori NOMURA*

(Received December 19, 2006)

This paper aims to suggest to reconsider about the Human Relations theory to the current

management system of the Japanese companies which are mainly following the way of U.S.A.

Human Relations theory says that the most important key factor for the productivity-growth is the

human relations at the work place, which shall be taken into the account for the further growth of

Japanese economy. | also took the actual example of the M&A which | was directly involved when .

I was working for the pharmaceutical company and I have stated the actual voices from employees

who had to follow the decision of the company. Current corporate governance theory says that the

company shall be owned by the share-holders and not by the employees. Finally, 1 would like to

remind that the employees are the asset of the companies and human relations is most important in

any cases.

Key Words : Human relations, Personnel cost, Corporate governance, M&A

1. i

A HARCHE M&A BEEAIZITHIL TV 52006
BECEEIT 2500 1ED M&A 23 rbn BIRKZEE 11 3K
HMicoiEs, EShilttnag. SETH HHREE
RO O M&EA DIBICEXATN, AYICEYTH
BDEAID, REOCBROGAETI I DND
M&A I ABMEE BRI L TV A, 1930 4RI T
AU HclREEINE TANBGRR) 2AbETER
L THI.

2. AWERR

B LEEEN e 3 KNEFE % 3M (Man, Material,
Money) & FEA T & 1223, Bt CHL ZAUCEIR R E 72

P THIER T 7 A ST A =T 4 TARE
“Fiber Amenity Engineering Course, Graduate School
of Engineering

O fRHKF

EOMICEELEDIEMIZHD. RiCSttOES
EOREREID, &G - MRS TR, Ml
MR FFRFORE S CREST D 2 L biThi TV,
IR EFEIRFICREDORE Fil L 1960 FLAEDOmE
BHREME G, AkE & T CE. ZHET
OED)TH « FELSTEDDRED LR LO4E
MomErE20KRAES, QC i&#), ZD (Zero
Defect) tHEh/e Eic L H5mE M FiEEN R E LD,

HARD RS I CEOMEO®mE b, BRI
sEnikn, BARLEOHNMER L HISX DTS
T&EF.FNREFFCTHBEOES S 1970 0 N5
FUTARITRI 4 T A BRI 20 HF L U 5 FICE
NHB->TW5H. BABEDIKLL 1970 TH 50
FTHTHo=MN, B THAED 100 THEETHS.
ZOL o, BEORKEE IS, AFESILHITIC
WL TE A, BREKRE LEHITIAY, AEM
B AMEICHE B LT EARIRA TR, F@hoRRISR
YRH LN, FEELTRVEMICIRVAERTC
LRV ERLETWADEIANIDRIETHS .
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LS AO ORI ERE -~ T, CETHF
SEFIZEEON v PR ERERRE L e & &
IEFKORHETIRELFLN, EhY FHv U T~
DR EZE LN TS,
FENFBE OTBACEY LD DIRK L TV HE
TRIIFSDISMERG L LT, EBE LTHL
BAKIZRS, =— 1 EERS RN BRSNS
> TEY,FWHADOTMENL - > Ta. EBELS
DS, [HEDEPHRR) &V S EEDEO S
EEV, HATHHEORMENKE 2L &R
TWa., THLEH, ETIAENE»OTE
Personnel Dept. & R X#HRR L TV /=231 Human
Resources Dept.& KFTHREBKETHH. Fi
DEIEC TAFE (O ETE) | THD. BHEFTA
MER £8%L, BRETR#EE2E->TWS.
o TA#] LWHSBEDEDLYIC TAM) Lo E
WaE S BEREBE o TE. TAMIRHETH
Human materials £ 720, —k@ T ARf] {3 Human
assels THD. Materials (ZHEFTH D, AL
WO ERITHE LIRS, AFMETHD, L)
RILEFEVIEDH TS, SEMBTIIAETRONDL
DIZAMBAREN L VWOISELELA TS, AT
ITERRAE SO, AT E =L Lf'%i‘% (o
5, AMBRAEBEHE VI AOL EICFERAR

WHE S BRSO IS E X 5B 6‘(3?)6.

2.1 FEMERE ,

Taylor, . W. |3 T B Z2 MW EBIL O R
(The Farther of Scientific management) & IH{IT 5.
T A 7% 1880 FRYHFT A D 4 TR D
BIEL TV T OAFRICIE (MEEDERE] KX 5

AEMPFZM LS ZERBEROMPETHS,

LWOEEDL LA My T Ud vy F 2R TH)
PEUFSE) 2 MUEROIZITyy, AR Sk S HIE &8
AL, BWEREZHITH FiixmnEe€4H.5, &
WOIREHARTHITO HEXKMBEEHIE) Ok

TiRERELE. FPI3FREEFRL kL,
ERHETRAM 2 RV, RIRIRAM & D248 2 fUERIC /540

L CEBROUER 21T - TRABOSELE Bisd b
DTHD., —HTHEND Z UL BHRE S TIE
AR Thd LM BREST TN Ty
Y0 [RH 54 KK (T & AR

BRS R R L7 E TH AR N L YD Z 5 L
HEEZRR LD THS D,
T4 7 —BELYFEENLORENML, HD

MG ZS TV 5.

BIZT7 A Y B Tidtkic &k S 5 McGregor, D. M.

(w27 L7—) @ X 8w (MEEH), v Him (M

—HREMERORE £

W) NEFRDVRELTEL. ZOREHEERIKT
<7 LA =M G T AU S WD T LT A,
DFED AREAE, KRELTBLERERTICHI
THFEBEIND, EWVWIEZTHD. —H =
OREOERIL (T4 5V XA) 13,8 KT E
B e XIT & BB ISR & 20 TRV RS, TR
BROBEETH ClPRICIZDTA 7Y A asH
ALEI & LT, HEEL RS LEAMOE S
B ERH BN

2.2 ARGk
1924 &5 1932 H 2 H i T Mayor, E. (A4 3
—) & Roethlisberger, F (LA U AN—H—) {3

. OREMEFELEOEHOLYD, ATT (72 Y AE

EEFERH) OT- 24 Th 5 WE (Western Electric
Co.) DA— //Ii/E‘Cé i éitiiﬂiﬁ’&ﬁo f'

kR a%lﬂkf&é Ll«‘oflinﬁﬁ ..Eﬂﬂ'i‘étbb'cﬁnotll’-l.

ZORBREFBUTCRVIITHEBOEES A iz T
BHEZRAEL < I NE—RWICEEELAm LI DS
OD, LT T2 ELEEEAIKTLTWL,

WOREIEM RGN, THIERBIAE T2k
@%%TBHL#%Thof ::Tx—a~+
LAY RN— = L FEBREE RS YO MBE L 1TE
I HFENCELY, & & LT T o AR
DEEMEMEDO—FBERERERTHD, LiEm
FroTh B,

DEY, XBEOEERRICERTEEY 5 X
50X, RAREOHHGEEE, RE&ERLDIEAM
B2 RHETRRL, RSP EIILOMIzELND
AFBETHDEEY, AMBHER (Human
Relations Theory) BRI ZIZAEN=DOTHB.

YA LAFELZ O ANRIBEGRRZEZ K& < HEmICE
D1, BEOLEEEMEBROBREEZ T E—L L
7. TEM#Z LSV OHMLEN, I a=sy
—Va VEREoTEETAF— AR EZSS
SNTIEEESRONDZF—L L0 HLAEMRE
Wl EWHFIZRLT 2D ARBBIRGH L &< fa
L7=.

TOELRNCT A VAT, BICHEOAMMKE
OIS ARMEORE X EZEMHELTWE2, A
ATEHEOZ LMRRFEICHEVERY EiFonsZ &
BENDEIEETH D

3. AH® (FB=XF) konT

BRAEHRLE L, REHE, HEORE:
DEFEBNAZBESNDIONREDRETHA ),



EIAPAFRICIEEI AL AA—ENZN
LORH D, FILEEERR - FE (R & -
ERESE - B (KE) FBR - TRERLEDIE
EOHESERER, B0 tELME CHEnT-
WIZABEL TWHREES - BE - BRIEALR
REBHBE. IhbihE - BEOEMTEERD
0% IR D, TNHRTERHRL T (FER)
FVWIEVFLHD. LT ABREENS LS
BAREESNTLEI L3 ICEZD-®, 22T
ITEHE LTHD.

3.1 FEREIEHBRIEERD

THHBRIEERCHD ), ERATEHELNT
WARRZLTEI THAHHI M. dH a2 A iR
TEWERE TH< NEDOTHEE A ER LA
LTRATEaAMTHY, FOBRLEDLND.
—HEBHBHACEREREOTERILEESICH
HA<HMNTIEH—ERBETZ-DEEREL L
THEAMEISES 5L, Zhpd@EEORMEHERBTO
EAETHD. & ZAMEFEREIABHPEVTKRIER
T LI OMUAMECE AVIRR TIK, T
EBRLEHBEOBEIFRAMEIZEL, YORFET
LAFBMAENEELTVWLIONEERTHD. £
RNEFHERILIIREER ClEevdh, &)
WAL ST BOLERTHD. K TIEHIOD
FmICE R AT, W oRMERmIZE - T
EELEV.

EMH TROhZFERITHS | 20, &
B0 E - EEERFMFREZIT TWHEFET
X7 A4 OLERBRHBIFR 1 420 M E LT
aX MoEAAER TS, WERBCHHA
OREFERLETLLAELS, REREEDHRS
DEENREL, HELEKBMETEDOHDREMN
REBZENZ, ST OEFRBIIANZD, £
D EEaHl-VHENEESL. HECHSRIR,
BHIEAR TN SMERE L 1TV 2, FEY 7
O TR EEBTHY, THIETROFEKXTEK
DIV EREBFR CYZHMOREREZRLT
ITEMN (A M) 1 bl ax MoBRT 5.
(1) VR = = (U5 1 {87 0 Ty

LHEAETH (B x £EKER)
IITWIHAERBIIRFEHEE TIIEVOIZE Y
DETHAH., 2% 0 FRQOBFREMEL TE
ERERETENHTHS.

Q) YRR E-MEEEE - YMAERE -
3K 12 2K

I TCHREEOBELSYIMAEERBRREOKRE

REBERHRERSTL 5.
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UENSEMREVCEER & L CoFERHITREN
Bl icBEF Eh, RMAFEATREL > T 5.
BB E, MESHIrBWTIE, BELEICEDD
BEROEEE, AEEFELRE o LW IART
i, BRieia30%EMIPIEBIETHA .

3. 2 RETHOEY &\
LERRMTRO - BRI R LT
ADHBREZVLELET A, BNESHOREZFBOR
AV EFTHD. YR, MALAPERETINLA
BEEEPWVW LTS, W LixTEhin. #
BRCTAEREOHTIAER L BPGE (B2
IHERAR L 1T E X2 ARV, B ORECIIEEN
LEZLND) THIMN, LETFAVTCHCHA
FAERIDSL, ABRELALS TEARLARWV.
FITERERBMNDBEFEMZ ARMOBEBRE L Tl
R, LEARMER O RS < R
OEMERATHE (T ) tvirgme, &
FRAFBELTWDZ EERD., ZOBG, BES
Tob L THLANRDHBE LY, L LTT
ILERMABOR Y FMCHAMRET Z L &R
5. THHAECABR-HE, £V ) A
ZEIHOMIBREE LS. KEETTREITS,
BEAE 7p EHRIF D IRV Y L — SR E iR e &
TRPEMETHZ EIIEKE N, £LOFET
FH TRV, WoOEESMEL, IHETRREE
g binWHEBE~OXNEE LTERARE
B xl-FFEEEGETOIEERSTLES. &
Tik~2% 7%, G EOMRE S B ATk :
W, ZZTHERIIBEER, Lo ELSICLR
~>TK 5. BOMEILF IR X, TFRI#Z
REVTH AU 23 T30 BUL Lo HEpio@ES, Xk
30 HAHYL FOEHREDOIIWCHETE
WHE] (I AILE 2045, 215) b HMR, %
B0 - BUHEAS VR 0, S EME A K < AERE
¥, FRHADEEL LTUIIEREDF—2
TEEOKTFELE LTINS,

4. REEH

AAMREOREFAL bSbhikIER, £
SFFIDEIN, SRR ERICE D& RIS R
SNBMEELERSTWVWES, DOTOLSREFERT
OKELE LW, BlaX—27 v 73 ngvn—
AY7=0 TEH»S 2 THEWI/NMERE ZAHTR
FoTWs. NE0oEDRREBOREDMLS
L, SHEEOPDIZEMREEHENEHEOESR
AELZZG LAY, BEWCABIELEZFTYA
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VERDL, 6 TA%OB VL | EROFEEN
BTRIZEBREDO R =T — < AT MR DG L
BVnEL, FREIRELEEENEESCRBEINS
THATHD. DEIZL > TUTEHED 20—40%D
COERBER>TNBEZARE N, LT
DR REI T II DA FEEE S (F 21X 30%) &4
NEBS (1 21F 70%) oo, FHEhE
iR BB S EROEEREL 2T
WBr—ANRL,

20-40% St ¥4

20-40% RY B4

B0-60% 18 A %K

100 %AEM~_— 2%
HREEPREA

MREZZETLTEALZELRTIE, &F
DIER L AL B DO EFE N EEK LigH =R RO —
OB FDORREEBDOEANCH-T, & LTREL,
ARMEEDORVWHISERY Ak 5 EBRER
100% OB ER-TWS, 7= TREL#ED
Bl WO ERERELHTRY, —REEY
I A 7510,

IDE I, ADFEGE T 1100% BRAR] s
DObEMENRRL A>T LEILDIICEZS. AKX
BMEgEORWEABABE IR TR LR, £
FEHECLICESLNEN, F2ERL L

DEHRLHAHDITT, FERTIORETHS S,

AAPBEMARFORESCHEE L TIT< =
i, MOToY=—, BF, Fr¥eni L)
REAGBREEOER EMB OREMRB LB
WEAREBH2ETL THiIC#ED->TLEY ThH
AH. FOF—RA 2 M T ARIEHRG TH Y,
AERENT LR E, EREMTLTOL, 20
IDNREEDH B NETETIIR VN, LB,
BIEAARD LG TREH) (BADEN 5 &AL
EFIIEEGEE LOABOS N 200 EH
PLEDSH)TIHE AR SOX £ &M TS TP
Bl ObEFTDDDOENERER (N
EBOEBE o R LT —F v — R EDER
KB LKL BEELFNERELT, TATE
HENLTWDE., DTERKOEBAATRIZIV
THAROMEMBE SN, hOT7AY L
THAMBENE TEREH, HEORLEZTAH
CEREDITHANRERREETHS, LEbR
R b BB TH D, TOHKMEEOK A
Thot= TEHFH | R TREEMR 21 L5, b
S —EEZHLTAHALSY, L) FEBRKLHAME

SOPIZHKSDHZDITRKVICEHI L /-0,
5. M&A

EXEKBEEDT—=THD MEA 122 T—
HESORBICKISE, L THEN

ME&A 14 Merger & Acquisition DI T TR E HED
Biza )8 THs. TNETROX I 4
FHEHIL & TE¥ERERR] (RESF) SIoHE

Ehs.
RIX
RN
M&A | &f
£ 36T AR (BRL5y B, Frat oo )

BOER E7 7 0 FHAEEBELER THHF I
TWa A, EFEFET, SHEEDNO D AEN
OHLHEMFEINOBFORNE L R-2T VS,
FicilbnSLd Vo REFELETCOHNTEEN
BEIZHD, QEMELSKE, GEYMMAEH,
DT ERERZ S, TRV LEbRA.
TORARFTIEELACELOTERICLY,
IERBEEMGRICLIOREDE LD ERE, 51T
R E~OBRYETOETAKRER->TL S, &0
IMFRENLTH A, HEAI»LTHIE, Bz
LBREELIERTHELAD ) F—0, TN
Lchi, REARBRIICIBFEREDY ¥—
ThiL, LY 75— ORFHETMEREE =X b
LRI S ERDDITTHB.

HEZ7 Yy FOLIICHBARER NS HTEMD
EWIHIERLRESOFRMEEZIT, BNCEICHE
BL, V#—0%185, L0500 bd IFIFE
77y R NENHALBAOEZIZIAVE E 0T
THD, BEBHFHR Kaxren) 230
FETURI~y 2 LA T b2,

s, EAOEDSHIIRR T A BN
EIIWLHBON, 20 H) L CRBELRSRDHT-E
HtLH D, INEFEFAKREBFOFERTHY, EHTDH
&Ry, a—FRL— R TFRRPRESY,
NHEEEE LTOHSMHHEL (CSR) #R/-LTw
RIEDBEEOEROHWTHY, E-BVEED
O EBBEIE R L LR, IR0 EanEs
MLWEEZXD.

ARTABEREREOF THLY AL L7 58K
ARG FEREFELRST LEST. 25 LY



DYV RIZ R A T LEIZOWEENY THB.

5.1 25rH

AR TIE M&A FiEOF O FENT DU Thlt
nTHEZY., EX (HROBREES] LD
EAROBEB»LEEOFSHHOEE T £ 56k
L, BEONBFIZEELI Y LS EOTN L,
SHEENASERR LV EEI YL OBOSSE
BLTHEELPHETLFILECTHE., ZIhbEE
NEIFICRER L7 f TR TH v, =2z 2 Hl
(B, AHEEAARME 1XER 500 HEATZD
P9 20%0> 100 (€M A5 E BB LT (Ethical drug) O
B3 - B - BRFE, 70 O 80% N REIESE (OTC)
DBFE - Bk - BRFE 21T > THRMAIZE 240 F &
SENTITAIRFIZANWTEMTHY, HioK
FETHNRE, RACKNCTEREIMOL =T
EHoTWDREEREORLETHD. TOTA
T AR (LI AT 2) BAREFE LD 20% 5
DERAELFARLRIE (UBEAKX, KRHEBR
Biidi) (X9 25 HIFEEZ 2005 £ 4 AICEM L
f=. ZOBEWRTAXNZh -T2 146 EH T
ol (KREHM TR I17E 48 138). ¥R

WA TN 4538 o ik e &K FEREF R TTrbh 225,

WAIICIE5E B 1-2 4y, RSO 3-5 Y

TR EY EIRNTWVAEONERTIZIARWVWES S .

TATAQPBIEF LD 14 EHERD. AKXA
T TEEV IR EEbNndYnr /20 k)l
TEAD Ny 77— F5MELETER
800 fEH A @MINBAEFXTHD. ZDOANKE
T AT R(FEEGE LV FIRTEDOFEED—E
PEETLIILERST.

5.2 M&A ¢ # B

WK b MEA DIFEIRMERICED Hh,
Z OB OREILH D Fleu.
HREITBEINT L DI, BB 266 4 (3ERFH
FRR 1784 A 13 ). BRE, AXELTHETX
TR BFIENANZDHEKRBOTZHE L
TLALE A, SBFEHEFICL D, HAEH{LE R{E
RLENDBERE, INFTOAERFIOELER
HELSENDEFLEh oL L EBDRE,
AT A& LTIHHRICHGERD D -H, EIT
BEToM1ERM, BEEFEBIcXEREH
LI A BT LRl FLTERERED
HILE L LCERmICE>Z L o=, LaL,
Ho#p-o DX Z IV HIEEDNDPTL—AEL
THRF—Ya Ly, MERRE CRELZ KT
SEBEL, FEFLEHEESSTILRL, BER

71

DICEERPTE L TKNEDICIRERE LTK
ERMOSICHAZ 7. ZTRHBHEAEND
ZEMNLENLEY, ERAESS TBE] LD
BEPEELENELLTEY, FARSHHS
ThArd> L, TOWMBOHMBEA Ny T B L
ITHABTEHEROTHS.
MAOTRMNBBEEIC 77 v AOBBES DR
FSAXHADOYUA DI LE-BBRBHD. BRMT
ITHEHEBREERN > TWA -0, TNEA
TR, 1R U BN O AT R AN ISR IR
T, KEMLOVWRHEE, LrbREIMICH->T
T2, A T4 XMW 1Tbhs LEHRBRE TR
FLTLED. LALLM T2 0 BT X b
FAXNTLNALTEY, AAOERIIEHHI,
BITIC O XA RZTH, & ENET~O%KT
BAHARVWEI THB.
HAOBREICK, Fiitkic, BESF-oTW5H1
FHOMIL, TEBFFEMICHRERD LD
EFTABBAHDH D, BRIND LS icEMET D
&,

5.3 BT 5 WAL AR

M&A RBIEPCETIETIL TR L) STEEE
, i THER) LRIBFECHL.

D BEFRO—IMEMILTHEE ST HRT
Mz 20T EE - IVBBEIRDII L ERD.
vy, FICECHEL SRR ARSI
tLIZBlIE B EMES DI EMNHRTHS. BlExF
AL THE, WAEHEE - WE-RETD
HEBMETHY, 27 ERIMERRITIOIES
YRRV DS THD. NEFiEtL
LCBIEZ I A2HANRDRWVTESERAERED
L THELTS, M&A EBWTREEDOREMK
BHEEORBITE&EERoTL S, BlEZITHHA
BNENE BWMEIZTNY, LnEMERELE
MNELDOTHD., YRENVLRBERMA (AF -8
% - RBHEMA2E) ORBoBEISuEINDS Z
LRENEEDbNS.

F-MEEOERFLEONXECL Y, METHIX
B ThHLR R 72 & NS HM oE%
B M&A IWIEENTBHI L Lok, TAXTR
OBELAKICEEZEZ b YRITZ AR TR
EEZETDH L CRIETTNAD.

T, SEAFITE THMIKAME) »EH
Eh, dRELIHET TYNETESWOEED
BADOE- P EETHIBEITETHER 2V,
W TEEDPEETCROVHEB RS RROY LT
THHES)]., &R T3, FORbo0, THRIRK



2

-]

OF@MEE - HEIIF O E—EBME—kiET
HERF L2 Tk nieny) L) ot T35@58Hsm
Akl THB. ZZT £ EIi3f0hnfE
L. MRELT, TOEBICKRED (50%
UE ) vxad MRBHBES, WD ONFDOHESE
LipB.

FBMRHNEMILEERA L2WEEIE, M&A 1T
Y- R BREEORERNEL RS, Ll
BBG, YRLBOREH L5 L TTFRAEET
HB1D, sttl UTUIHBMRAOAMLEBRIRT 3
TLihB. Lhd, BRI L> THEOS B
H—EME, AELWCROBERTE 540, #
Bick o> T, —EMEAIRSBREOTRRESR
VL, FHRERETHS. L2L, SHEMI1SD
BRI P RO 2 MG I E0XE#ETH S.

ME&A [TBITHDBKRDORHTIT THELFTEDH
fl OHFEESIN, TA) IHEZFIBENL T
RN E, EEPNTWS, i3 M&A %O
SMERECOHELLEZLDLE, BROBEER:5
FERAHUEIHEKIZITBITE-DTH D DI,
EBYRTHS). TR ITAEZESLR, B (1
fm) TEHERLW W) O M&A DEHE &
L7=h, FIEHELBEERLS LTE-HBIRI—&
MOFEDICLETHE, FFESLVIFEKREL L
TORBEERHL, SHEEOL-DIZHEBLT
E7-Oh, LEHEBEEES52E 0.

6. &

1960 EROBEFTIX (EIIANLRY) LED
NV, BETE TREZHEOLOM) LD
BN DIXEDEXE, £ TRREObD ] L
EARVWKRTHE., a—FRKL— T2
BENLIT () BPEEEELEENLTNS, 241
REEENCEEZFEMC (A1) L, F08E~
RREOTEITHREDN THEERE) TRET B,
LThsH. FTEOHBEELHTMELEH
FREELZOEEELELTHETHY, B-LTH
BRIHELEETHRDIRDODILTWVWALEXEZD
THH Db

M&A IEHMEETIRTARY LT 5
CRERELPREILLTHAWY, FOBEETIE
S LHBLVEAE2EDoT NS, KESASTH
DMENROEEELIZE>THIHN, (KR TR
ZRUHMOTBEOLB | IRMROEE, L1V
TEBZVWOBHERTHS. HAZKFZTD
mLWSt] , TBERE—IHR ¢V HIRE
BREZETISHENRZVS, SEOREEIFHE

FOFEHMICE ZREHHE LR OQBIZHN
THABRAOL L TEXEITLENHD EEbN
5. YARBETHLAIMETHY, AMESIC
BWTH, AMBRARLRFTHIZ i8N
TIEHRLRY., TORIB—FZ2ELDZZ L1AH
RILEFENTHB.

BEIW

[1] =% BEMERLE AASE EABERD
R, #MEOKERE, (1994).

2] REE : AOBRRMER, FAH, (2002).

3] b—=R+«Cras3v :TAVIDEYRR
VRT A, HMELE, (1969).

[4] BT A S A-BLE (FREERDORE],
X, (2004).

[51 FFINE : Mgt FRERK (2001).



#IIRE RERTFHER PFERE Ui 5552007 F 3 H
Mem. Grad. Eng. Univ. Fuhui, Vol. 55 (March 2007)

NNy MR R BT RS TR

AR BB,

mEi BE,

wA 2

The Polishing Function of Velvet Textiles for Glassy Carbon Electrode

Tomohiro IMAMURA?®, Toyohiko NISHIUMI'* and Koichi AOKI **

(Received January 31, 2007)

The polishing method is one of the most important interests for the researchers who investigate

electrochemistry, interface phenomena, electric circuits and optics. However the properties of

polishing cloths such as the materials, durability and manufacturing processes have never been

considered yet by the researches. Fukui is well-known as a prosperous area in fiber industry.

Because the rubbing and polishing

processes ‘are very

important for electronics and

nano-technologies, high technology has stimulated fiber industry, currently. In this paper we

evaluate six kinds of velvet textiles and we found the advantage of using velvet textiles for

polishing glassy carbon electrode over the commodity one. Then we adopt velvet textiles as

polishing cloth for glassy carbon because we need the smooth surface on the glassy carbon

electrode as mirror like.

Key Words = Velvet Textile, Polishing Cloth, Glassy Carbon Electrode, Cyclic
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A Proposal on End-User Network Security System
To Visualize Packet Header Information
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Tomohiro ODAKA** and Hisakazu OGURA™*
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To Improve sccurity awarencss of end-uscr, we designed and implemented the visualization

system of packet header that represents the condition of network communication. We implemented
our system using Microsoft Visual Studio 2005 with Winpcap library and the development
language of system was Visual C++. This system captured a packet and visualized flow of network

traffic, protocol and the time it captured a packet.
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Multiaxial Low Cycle Fatigue of 1070Aluminum under
Stress Controlled Non-proportional Loading

Takamoto ITOH”, Takanori HIRA1* Takaei YAMAMOTO"*

{Received January 28, 2007)

This paper describes the low cycle fatigue life of 1070 aluminum under stress controlled

multiaxial loading. Proportional loading tests were carried out under combined push-pull and

reversed torsion. Non-proportional loading tests were also carried out using three stress paths of

cruciform, box, and circle.

Mises stress range, Mises strain range and maximum principal stress

range were applied to the experimental data and the applicability of the life prediction methods

was discussed. No life prediction methods accurately predicied the multiaxial low cycle latigue

life under non-proportional loading within a small scatter band.

Key Words : Low Cycle Fatigue, 1070 Aluminum, Non-proportional Loading, Life Prediction,

Stress Controlled Loading
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Table 1 Chemical composition of 1070A1 (wt.%).

Si Fe | Cu | Mn | Mg | Zn Ti V | Else Al

0.06 | 0.10 | 0.00 | 0.00 | 0.01 ] 0,00 [ 0.01 | 0.01 | £0.0:3 | 99.80
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Heat Transfer Characteristics and Flow Situations of Forced Convective Boiling
inside Helically Coiled Tube

Mutsuhito DAIGASE* , Niro NAGAI™ and Shinji YOSHIKAWA"*

(Received January 31, 2007)

The helically coiled tube of heat exchanger is used for the evaporator of prototype fast breeder

reactor "Monju". This report aims at the grasp of relation between two-phase flow phenomena and

heat transfer characteristics of forced convective boiling of water inside helically coiled tube,

especially focusing on oscillation of transition point. A transparent double tube made of glass is

used as a heat exchanger. Water flows up inside helical tubc and the high temperature oil flows

down in the outside tube. The oscillation of the transition point was observed, that is mainly

caused by intensive nucleate boiling near the dryout point and evaporation of thin liquid film

flowing along the surface. Fluctuations of local heat flux, local temperature, pressure and flow

velocity can be explained with relation to visualized flow situations.
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Table 1 Characteristics of lieat [lux sensor

Maker Captec

Sensor size[mm] 10X 10
Before After
Sensitivity zensor ; gggg gfjl'a:;

3 ensor ] 3

[qu(me;)] Sensor3 0.935 0.623
Sensor4 0.994 0.680

Type Flexible

Table 2 Dimensions of the helically coiled tube

Radius of curvature:R 14 mm

Outside diameter of helically coiled 7.4 mm
tube:2r,

Inside diameter of helically coiled 5.0 mm
tube:2r;

Thickness of helically coiled tube 1.2 mm

Length of outer tube:L 380 mm

Number of rolling 38
Pitch:p 10 mm
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Fig. 2 Detail view of the helically coiled tube
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Limit Cycle Oscillation in Controlled Transonic Flutter
—Numerical Analysis Prediction and Wind Tunnel Test Verification—

Hiroshi MATSUSHITA™ Jun HATTA™* and Kenichi SAITOH™**

(Received January 31, 2007)

The wind tunnel test was carried out with great care obtaining successfully limiled numbers of
LCO data at dynamic pressures above the open loop flutter point. After confirming a flutter
dynamic pressure of the controlled wing, we tried to excite the wing by a leading edge control
surface oscillation at three different dynamic pressures in between the open and the closed loop
flutter dynamic pressure. Even though the control might have lost the effectiveness due to large
amplitude of LCO and resulting amplitude might have broken the wing seriously, we have
succeeded in gétting smaller amplitude of LCO. Adjusting the mathematical model to new wind
tunnel test data, the model could predict the closed loop bifurcation that shows good

correspondence to the test data.

Key Words : Transonic Flutter, Active Flutter Control, Limit Cycle Oscillation, Bifurcation
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Table 1 Flutter point test results

No. | Dynamic Pressure [kPa] | LCO Amplitude [m]
1 25.85 . 0.01169
2 25.55 0.01128
3 25.13 0.01092
4 26.01 0.01234
5 25.83 0.01165
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Tunneling Current through Ultra-Thin SiO, Layer and Study of
Transition Layer in MOSFET
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Recently the thin SiO, (silicon dioxide) layer whose thickness is nanometer order is ﬁsed gen-

erally in MOSFET. The reason is that the excellent technique can construct the thin layers through

which tunneling current may be produced. This work describes how much effect the tunneling cur-

rent gives on the drain current with decreasing SiOy thickness. It is confirmed that the thin oxide

layer much thicker than 1.2nm is not destroyed by simple clectric ficld. On the other hand, it is
known that the thermal oxide method provides the high-quality oxide layer: this shows high-quality

structure (regularly hexagone-like atom arrangement on silicon wafers). In this view point a promis-

ing transition laycr thickncss between Si substrate and SiO; layer is investigated and cstimated in
ideally minimum size (0.324nm on (100) and 0.529nm on (110) Si substrate).
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Tunncling current density, Ultra-thin SiO; layer, Transition layer between SiOg and

EHEOBHRIREM S5 PR ZiE, 1952 4F Shockley D
O FET OIGRARAT B B4R72141C 1960 41C Kahng
& Atalla BV MOSFET 76L& LT3 MW, WD F v X
WEE X 20[um], BE{EEE 100[nm] T 40 BAFERGB L
TR, U2 7asERICAD, 0.14[um], B
{LREE 1.6[nm] D MOSFET W REZXNB L 51> T
W5, —REHE N RVIROEEETEOY —JE
F@tbk BALIBEDE & DEYUS 2.0[nm] & S
Wik, BETIE, MIEBEREOESRLH N E S
T, 2.0[nm] DEEERIZ THEEINTVS. U—I B
13 MOSFET O R U ilific B AR 5 5128 TIE
7, HY |- ORI —T A DORERBTHD. Bk
W (Si09) 1 AK T EN 7 7 AIEZRI S T LRI N
TWC, HEFELLOBENHEE TN TE.

JiT, 2RI T 'V T 7 AT H BB (Si09) U,
HERIC LI HAES S Wiz mR A b I EN T
WBEWIEEDHRM S, BATORMICT 50!
ENERET BICONT, ERHERFZEVWE OO
BB ClRARARARRSEZ LTWv5 Lv S RiRic
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D> TETVA. REOMLREED 2[nm] LT D
fEfeimid, (EREEEROm [ fEo TEOEELEIZ L
FERMEEZLD, Thbb, HEROFHESTIVT EIL
T7 ARG E>TWE I ERBYREE->T WA LEZ S
n5. :

ARIFFRTIE, b RIVEROBILEILURT L 2HE
L, 1.2[nm] KL -OEIERE T R L VERICIES
WRIIE LA EIMNT L REER L. Thid, BRRD
MOSFET lc W TR D bt &5 —7din#
MWHELUINETHEY - SfEL TV B T L AL IC
Ellixs. —/i, BIEEMES A3 EBHETEE
TEMERTCERSN TR ZICHLT, 0
DT FILICIRD AT, ZOHE, YVaviE
R B(EE & DRICTAE T 2 BEEERFBOFOL LR
ZELTHEEIZCLICK-ST, 2OLwNEESZ2
SNBETNRRTENTE.

2, BEEREOBRELLEDLE
LCTR, BTV VTRV REZEICANT, ¥

) 3 VR BRI RS BRI $ B E L
RS .

21 BEEEOBELLYLETOHME
Si KU Si0y DHEAMERRE 1 lcRg B 6],

X 1: Si & Si0y DEAMEE

MINICE LTz Si0, DEA#SIZ, K 1iREh
T3 K SIS I T-OR D ZIUDDEEFEN T-HHLD M
AR T ARSEIC > TV, Si-0 EFRRIOE#T
1.62[nm], O-O l{ TfEIDRHEfL 2.65[nm], O-Si-O DO
B 109.5° THB. TOXITFPIMikIZEESE 2N
LTEBEWMIWAWAKFICHEUN % Sio, K LT
W5, SOy DREEICIIFEFIEIE L 7TV T v ARG
BH5H., —Hc Si BRI b Eh 3 & Sio, 137 F
W77 A@E AT EBMENTHSEN, {LEE
A 2.0(nm] & D &L 2B LW (B O IREHLT
MREFENTETE|IVT 7 AR A 225, 72,

2IRENS SIS Si0y NEIL T % AR )
OV B RA 2SR LD 0N TV, &
AT, TOBBNET MBLELOD L E | 2#
BRTBHILICT S,

SiOs &
LR

Silg

[ 2: Si/Si0y SO FEHE K]
(100) mEERE T a L& (110) Eo 2 FE1E
D) AV EREEEHSZ S, Si, SO REOX 5
YURY FRERENETNNOFE+HBECIIITES.

% ¢ (100) @A N
7%5:(nmm (2)

CCTal@REBRICBIIBETTETH S: 5.43A (Si),
3.75A (Si0,) & T 5.

() EVRDI=) AVRTBELRORMOX > 7
VIR FEERFR T, R2ITRT

R SIREDE T TRy REE
M| SimoX 7Y TRy RHEE
(100) 6.78 x 108 [1/m?]

(110) 9.59 x 10'® [1/m?]

£ 2:Si0y REDO XV 7)) 7Ry REE
M| Si0, RO X > 7)) 2 7R REBREE
(100) 1.42 x 10'9[1/m?]
(110) 2.01 x 10*°[1/m?]

L1, 255 Si0, RMDX T VTR R Siod
o7V TRy RBEIELL TEMNIERICS W &
Wb, Fie, SiOREDOZ TV TRy RIZ S
FFEDE OFEFLEG LT, Si0, BTl
O il LSO W egh 2l 5p &#2b5N5%. C
DIz, SiFMC K TV TR BHPTEE LT <
BB, TOERBICTESSIOA VY T) VTRV FE
GAERZE, RAETIE MEEELOSE | LT3
LT B, O, RS TR 3, 4179, X
3 [100] ARICARET By U avigbE% [10] A
NS HEEKTHE S, B413[110] Alc)KliE 87
V) a vz [100] Amh b RIEKTH 3.
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8 L SiOo R
& 2 Le =T
F1IA| ¢ L ® :
l L skl L 3244
O T o
o -_;Jiﬂ.l‘\ll ’O ) @] I TiE
o & 1 e
21?[“1 (134N I (] |
L : [
['J\ 3!(A (‘I o S E
@ @ B

@ rwosims: [ Moxans

B 3: (100) f i RE L 2B E{O 2 RonEEdir B 6: BE{ LR R E 7L [100] °
SiO M
@0 90090 (f-—---
J si ‘ o & :L 1
T T 3Q4;A[——J
—\:l:)—‘-' ‘—’"—O—S}—' b, 5.20|A]
o .
L | .
(] h -

@ & © é ® >

©  ruosir [T ] waxiemnn

X 4: (110) i AR L7TeBBR 0O 2 RoniyET it

X 7: iLEEOBBREETT IV [111]

22 BEEEODSETETIL

T T, ¥V are@gelz [110] AinicileE
BB LT, YV av{bROBRES 3 7T
MICEF AL LTz, COETIVE [010], [100], [111]
Hinh s BizEEFNFNKS, 6,7 IR T.

M SshoEBBEORIELINTAE 52941 L7%5
&6 SBBRBTIESIO, DX VT VIR RICO
ETHESL ONTR2 KL LEREE RS LT
Si/Si0y HRTMICHFE R (TTL) HELTWB T L7
5. K7 h5IMEE)O 6 AROmBEN Y Iy
EROZFNEDE)LL, SifERELDE SOy (& FORIE
NETHB T EHhnhb

3. BEEEWD S EF¥AH MOSFET (ZRIFTE

31 H—bU—0BRIZRIETE

X 8 DM IE R FF DA p-MOS 17— Ml Ve
EINZASBRERIRED S & TOY — I ERAEFET 5.

X 5: LR DEBHFEET T/ [010]
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Width
10pm]

Na
5 x 107%{m~3]

.ﬂ'Si."‘\ Np

5 x 10?1 [m=-3)

X 8: MOS #5535 OO I

LD IER IV L MR A TH A B EE TH
HEOIRITZ b RIVEHGNIRT B, FORE, '~
V=2 BRIEND. COLEXDIRIVFE—NY FE
2K 9 ICRT.

....... .
! qVo
1
e
V; 111 /1] ‘."r Iy,
017 LLTA
(Vg < 0) \\_
p e
g —l';I:IB
: fofr——1
e T
= E

K 9: REIREED T3V FE =Y FE

— M BRRICIE, MOSFETICBWTAHEE 4 £ Hl
iEoTL BIEEELEESRICEE, Ve = -1.0[V]
DEFEAIMZENRT L. SOk XD I REROAMb
ETHOLNE ZINF—DRBEICL > EX 9D
BTG A—RERIUTOX 313,

Egr 0.889[eV]
Ve  1.0[cV]
Vo 0.342[eV]

e®s  : 0.658[cV]
gdr  :  1.899[eV]
gor.  :  1.788[eV]
s ¢ 0.329[cV]

£z, AECHELZBILREOD 5 EE 7Lk E%
AN ETIVAEEAT S (K 10 248).

i ™
G feeeny ‘
e @s 'n'._ @ I: I d
s :
. l.I'J.‘.\","_‘I o | | = 3.84[A]
N < P | P
i \ d
\C B,
p-t-l pt
| | S
& v 10%|m ¥
n-Si Nyt
5w 10 |m 4

X 10: BILREERED 5 ¥RZRICANTZHED MOS 1
& DR [

X 10 Si KU Si0, DFARE LK S5, 6, 7T RL
TR LIBEEDEBRET TIN5, BILEED 5> X¥ x5
& 2.64A, 08 3.84A DRI (Z2FL) & LTETIUE
5. F— MURICZ RS TUEFOET T 2
VF=EfEbhdda0LT5. K9DEEMNOEFD
TRIVF— qpy L IEETREMOGEERD il oy, 0O
& B L3IV F—EIIC B -8RI k%
WEBEDERTETS. TDEE, M RIVEBREE
BARXCENTS 5 [,

\

* du
gm*kpTg (7Y,
|J| = 223 > / I‘llz
. = 4 q1,

' 1+cxp{(Er — E)/kpTk]
ol (1 +exp{(Er — E — ¢Va)/kpTk] e
3

CTT, hETS5 VU788, Ep 37 2 VIHM, Vo
B5—bERE, kg 3PNy rel, BERZEET
Tk = 300[K], TRETOEBEETHS. RQ) %
HWTHEKER L EEEKEH D D 2 EOY — b
) — O BUEBILREIL tox = 1.6[nm] & fox = 1.4[nm]
ERUTRDIRERER L1, B 12 1R

0.1

0.01 e

0.001 \

0.0001 1
1e-05 | \
1e-06 | -
1e-07
1e-08 |
1e-09 ¢

1e-10
1e-11
-

no defect
defect —— 1

GAI T CURRENT DENSITY [adem 2]

-098 096 0894 092 09 -088
GATE VOLTAGE [V]

B 11: '— b U — 7R RE (fox = 1.6[nm])



4 ) no defecl
01 TRmBERI defecl ~~—— 1

0.01
0.001
0.0001 r
1e-06
1e-06
1e-07
1e-08
1e-09

GATE CURRENT DENSIEY |A:'cn|2]

-092 -09
GATE VOLTAGE [V]

-1 098 096 -0.94 -0.88

X 12: 7— R — 7R (tex = 1.4[nm])

pE LA LIc - TV — 7 BRIEEINL TW5.
Ffo, BORMBEAZRND ) — 7 BHRITHETRMEL
DIREE & S LT Ve = —1.0[V] HILERCIZ B L Z 60
BcINLTWa. THOTEMBY—FU—TERIC
T T LD B EDWEIINENEHF A LN S.

32 RLAVERIZERIETH

Fy =2 TETINEVEHOTH 8 DESEHE
&% & MOSFET QBB MEORMT 21175 > Tofh
HAEE 13, 141mRT.

4 tox=1.6nm
35t tox=1.4nm -———
z tOX=1.20m v
E 3L
=
TR ——
i3
S -
z r S J
: 15 S S .
a 1 4
0
0.6 -0.5 0.4 -0.3 0.2 -0.1 0
DRAIN VOLTAGE [V]
1% 13: MOSFET D& ETHE
(L = 1.0[um], W = 10[um], Vg = —1.0[V])
4 tox=1.6nm - |
35+ tox=1.4nm - 4
< tox=1.2nm --
E |
s L T |
b 25" - E
[ | |
S5 2t b E
> | gt k\- ‘
i 1.5 ! \\-\\
& 4 Nl
05+ J
| A |
0 { X !
0.6 -0.5 -0.4 -0.3 0.2 -0.1 0

DRAIN VOLTAGE [V]

X 14: MOSFET OEHEERM
(L = 0.4[pm], W = 10[um], Ve = ~1.0[V])

M TR o /a7 — b U — 7RO & g
T3E, F—b)—JEBROEPLERZVGE TS
%, Vo= —1.0[V], B{LRELL 1.4[nm] (FETRMED D)
DIGETE LA iy — U —2mict LT
KsHnzEREL, = M) —7BRVMIITERI
MRTEXB., DT ehb RLAEWRICH U TEL
HED S EDOFERIIZLAERVEZEZONS. -

33 HBHEBIIRETEE

AR MH IR OIREED MOSFET ORI %
® 15 16ICRY.

10° .

" L=10e-6
L=0.4g-6 =~

1

ELECTRIC FIELD [V/cm]

104!
0 041 02 03 04 05 06 0.7 08 09 1

POSITION y/L
% 15: REEBRDTM (tox = 1.6[nm], Vi = —1.0[V])

' L=1.0e-6
L=0.de-6 ~——

ELECTRIC FIELD [V/cm]

J |
0 01 02 03 04 05 06 07 08 09 1
POSITION yiL

104

X 16: REERDH (tox = 1.2[nm], Vg = —1.0[V])

X 16 H BIE{EEEED 1.2[nm] DS THES KA
FR\RIE S B ISHER A AR O 9 N E S DBRL D
TWEWT Ehah5. LhL, KITDES ICELE
EDbEZRLZEL, HONBERCHH»BERZ RN
WA (@A=L YORIL) ZAVTHANSG L L3, 4, 5
DEScis. b

111



112

(Ve = - 1.0[V]}
(@)

—

17: BHEHEEDW 5 EEREEICSN TR T 71
23 [100] /TICEREE W72 ) a VB bEOSES R
FeEfo il 2 Bt st ([ qE AR ML iR
i3 [MV/em))

1
L ™ 1 1.6[nm] | 1.4[nm] | 1.2[nm] | 1.0[nm]
1.0[um] 0.70 0.73 0.76 0.83
0.6[1m] 0.71 0.73 0.75 0.82
0.4[um] 0.77 0.78 0.80 0.97

R4 [N AEICKRES Bz ) avig LD E K
FER 5 U 2 /IS (IERICHS AR IR | it
Z [MV/em])

5 ™ | 1.6[nm] 1.4[nm] | 1.2[om] | 1.0[nm]
1.0[pm] 0.77 0.82 0.86 0.97
0.6[um] 0.78 0.81 0.85 0.97
0.4[pm] 0.84 0.87 0.91 1.14

R 5 WEERBBE TN 2 RFFESR (Vv —R-EATic
FETTRMAFAL « BEALLE [MV/em])

fo :
" | 1.6[nm] | 1.4[om] | 1.2[nm] | 1.0[nm]
(110) 5.99 7.05 855 | 10.87
(100) 5.46 6.33 7.52 9.26

£ 5 M OEEEFAEDN 1.2[nm] O & EIT [110] Alnjic

BETELI) avigbiic, BEEOMETSH 2
8[MV/em] ZZ 2 EFA W5 WBEEN B 5 T LAV
mote. iz, #BEEED 1.0[nm] D& FIZ [100] A
ICRER TR a VB bR, BIEROIRTETH S
8[MV/cm] Z A 5 UMD BTN B T L &
ol EBiC, ) aVEEEBEOE T A 1.125nm]
EIRBEEN, EOJMCy Y I EBrERRE S
THMBERMIC X BiffaEENL C 2D H %
e otz THT e HEEEBOERILAETIC
DONT, LD 5 EOFEMNE{LIROHERHTIC
KELAEEEHZBLICRBEEZDNS.

4. F&b

AU T LT VU oV EEOBREO 3 KT
ETFTNEBRL. ZO/RR, BEEOILE O/ Mi
#[100] BXT[LI0) AN L TRIEE B T & Tx
z. bk, YU arvo (100) | Si0, FRHE X
TWAEHD MOS HEIC B 2R/NEBEDILX (Z
324A 2720, FEAHENMRLEEITS (110) L TE
5204 OBNERENS b Eie, BEL DD S
FETILH DL SifHLIT R T Si0, MG FEN T
HBT Aol D, IBEENEWE, K2
WTEY Ay THERL TRERZLEKT 3K O EE
FREFHRELEE R D IR T U a v BRI
FRELTLES T M DT LB, 2NH S0,
ORMED U FE LW T BV T 7 AR & B hiK o
DTHBEEZIDBND. TOT LHBEEEEENE
WNE ERERRE (R TR OB RE R MR I N T IRNE)
E R DERARMDITEICSWEHERIL 72,
RICEBEBEE DG K% BRIV iz MOSFET O
FFEOR 2B ko e, BORMHTEB LI
XOT—=MU—7UFRIEBNT B0 R LA e
LB MFTIELEORZE TR E o1 L
<US, BE(ERELL 1.4[nm] DF SRR RGZ#ET S &
HENAEREEEEIZ 12om] XD EELLBZNRL A
VEWRICH L TANEREEBRIHENEh -7 DT
& DY — A MOSFET DIf{TIC S X 35520
L TIEBEDEA TV BBIRICRIER L &5 2 S5t
DM EFZ TS, UL, BERELLA 1.2[nm)]
ICENET B H 72D THIERIIC & o THtgRIEAEL C
DAMEENRL KB T EMNh o7,

PlEoz & SHE{HA SN T3 MOSFET 2 iEHE
KEIWET 22 ExEMfITH L L8, BBk, B
1.1[nm]~1.2[nm] F2E DM X T MOSFET 1{EICRFR %
BEz2330DEFHT 5.

S 3k
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Theoretical Study of Resonant Tunneling in Novel Quadruple-Barrier Structure Constructed

by Iwo Asymmectrical Double-Barrier Units

Hiromichi NEZU* Yusuke OHASHI* Kisou SHINO* and Hiroaki YAMAMOTO"

(Received January 31, 2007)

Resonant tunneling is studied theoretically for novel quadruple-barrier structures with asymmet-

rical double-barricr unit. Analytical expressions for the transmission coefficient and the resonance

condition are derived. [tis obtained that the resonance condition leads Lo two independent resonance

levels. The procedure of constructing a resonant tunneling quadruple-barrier structure is shown.

Key words : Resonant tunneling, Probability density, Transmission coefficient, Resonance condi-

tion, Quadruple-Barrier structure

1. £FahZE

AR, PEIRERORRIC & &2V KEOFRZ &M
IR B REUDNEE > TE/Z. TOMRWEZSIC
IHA B 7=8Blc/— FD = 7 O 5 EREROE
ik, BB EDONT X U EAT S
4 ADWMILIC K> TRIBEINT XD, 7314 2AD
BT A ANF S A=A Kk SRE, BETOWH
FEIC X BETIRDTINA AOBEIEET B L5
Wixofe. Eiz, {CROYEEEKT /N ZADHHNEICE
FREMSEIIELS, Lh—7 ORI EHEN 5 LE T
INA ZDMHNE - BRI DEERE R#HC T > TETW
%. A%, HE0SEEREESIOmEL, Zhic
EEEHoTEEENZEREIIEAL, BRTLDE
YA, B AETNAS R E T ETFOEEY
LTV, CoX>hE2MERE2E LI, BT
MBE AW BTHRT/SA AFZRTEIETRET
Ho, TSIV YERICB) SRR E, 6k
DA T NA A TRELNEWEFEZIRS T EAF
HETH B EEX BN, MENICZORIENRITEINT

P KEHE TTRRAR - A7 1 7 TR
*Information Science Course, Graduate School of
Enginnering

(OF B N2

Ele, TOBTHHRTIISA ADHE LTHAG R > 2IV
FAZ—ERHB LRV NS TR aDH 5.
BFHNRO—DIC vy 2xIVBEEHH B, g, &
FOIRNWF—DEEORT /v ILEDEENE E
ICRERY % BB DRHERN 1 RiEOEREERT EVD
LEDOTHY, HHIIETEITATEZHEVERTHS. T
OREMPELE BMEIZEFVRFE L MR O,
5TH%. HHT, EEREEH B —FREE R RN %
FHEEMSIC BV T, RS ART 2B FOL A
WF—DHEEC L > T TERBFIIPDETOIRI
FEEIE T H L ¥, BFHOEUMEEBRT
BEHERMN B LS N RIVEHEENEEEN T EE.

T 20 FEICE> THRR THISEFIRT 28 TR T
A ADWATHBBAIITDNTE . This, 1Bt
HEOHRBEEZIBBHBEER - TRAEET /N1 AD—57
FeLTHEATSNTEDTHS. TONMT, F/
A= —Y A XDERIECET B b > FIVEKIC
B3 2 WO HFEAIE 1969 4E 0D Kane DFERARNT & B
BENTWS M, HEICE LTI, 1973 4EOD Tsu &
Esaki IC & % GaAs/AlGaAs RICHTg %781 4 =7 1t
LhH 5 Pl FOEE CEEEEICH L TIERIC
S SNTE TV S,

VT, HPROHELE AN S IR E = R
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>
_.2‘ 1 2 k| 4 5 [ 7 a 9
I el B e R
Q
&,
I e e e e R
m
Ly1| Lwi Lbo Lwz Loy [ Lwy Lpy
I Io T3 T4 Ty Is X7 xg
POSITION

] 1: FEAFR PR ARG 2 Wik L - SRR A

BEE ARG T M 13-61, 1990 4EIix, =Dy L
IR MAMNB SN D &\ S AN xR Y SRR
WEDHRR L 2OMBMH NG TN T, —DiFs
HHPICKTE T 5 EBEMSFTH D, AR PRAF &
NERHA L OMEERICE > TET BT EREF DN
BRI NS T &ic & - T 1993 FEICHEIE & 4= 1B,
—77, MEEEBRNEICXIT S b 2RIV DB
EWNZOVRHEITRE TN, £, RE L H0guef
ICXY BIEEEREZ IE T B ik ME S hz 0, %
DL, BATDFH & 9BH 542 BB FORIE
CMEDEIERIEE AL ITDATVENE S ThB M1,
A6, #H UWIETFRIEIR Y ERRBEE GENRREIE
THSEERE R MBS L) RIREL, ol
W b RV D AR R FTT 5. ERERM S
GaAs/AlGaAs & TEIARTRE 11> TEMOBER TR
LT, HRMIEDHREE BT OEREEH, S EZBD
GRS T 5HRERZCLICT 5.

2. BERFRMOBERBRI

20 EBRFEBOEMMRITR

K 1ICRY & 5 It Fn Z BSR4 ik L 7=y
HEEEE I BT, xﬁﬂi@ﬁﬁﬁb‘bﬂiﬁﬁldﬁwo
T, ZRIWF— EDBTFHRKTBHHED 2R
KEERTDH. EFOEHER m* QEEHICBWT
—ELT 5. La)lfﬁmk BWTyalb—Favi—5h
HRIEXATEALNS.

W) — E);(x) =0 (1)

§Mﬁm&UwufﬁmuT®&%bfﬁé
¥;(z) TR j I 351 B i mhRa sk
m* 1 WTORNER
V, 1 OB DRTVYIL
Ly @ 7EEj O

E : BTFOITRNVF—

h o TSUIER (h=h/27)
X (&Y, BEEBTDY 2 L—F 4 v H— B0~
FERRIEANTERENS.

bi(r) = AT 4 BT (5 =1,---,9) (2)
CCT, BMAEICBI B k;ild,
e ‘/‘Eﬂ'f.‘(f Vi) (E > V)
(39 = iﬁ’ﬂ'(}:’}—_&:mﬁ (E<V;)
LRENB. R (QQ)ITBWVWT 4, B; RHDIRIBT, =
KREFELZVERTH . KIS L 2 OBEBEENE
RTERTHBLEEZT,
Pi(z;) = i-i(z;) 3)
Ly L g
miodr | mjy,  de ) “
WIS BTN RRT. COBEREGHSBENDME
5 C B B IRIEOMGRRE M52 T 7 —< b
Uy AEEZRCTEET 3.
Aj Aja
=R, 5
B, AN &)

CTT, Ry 217 2IDIITEH D RATER BNG.
1 [(kjm-j+l _‘_kﬂ_”n]_)ei( Rykip )y

R; =
7 . A 5 oy i
Ekﬂ;'.l.JH (kj?n'j-{-l = k'lj-f-l"n'j)et(k LTERE ]

k;-{-llzj

(kyms1 — kjpymy)ett—ha—kivoes
(’C LUTES| + k& F4170 ')Pi(kj_

RS &b, FHEEE 9 FHBICHT 3 EHE&D
e LT,

A Ag ‘
SRRy R 6
B - 8[ By } (6)
BT 5. K (O IKBWT Ba=0& L, 48 2R,

;:L;D%%wﬁﬁ%ﬁrékbaakﬂﬂﬁb
ﬂ%
T =[1+2{Ap1(Ap1 + 1) + Apa(Apz + 1)
+4Ap1Apa(Apy + 1)(Ap2 + 1)
+2¢/Ap1(Ap1 + 1) Ap2(Abz + 1)
X (2Ap1 + 1)(24p2 + 1) cos by
+4Ap1(AbL + 1) Ab2(Apz +1) cos® 1 } (cos 8 +1)]

Rz .‘.!
Aj = ”&]h,) Slnh (KJL})]) (E < Vbj)
kl '
A; = 2 ginh? (ko;Lvy) (E > VbJ)
msb
j=12

-1
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Education for Multicultural Society in the Global Age
- Promoting Active Communication with Different Communities in Japan-
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This study bases on the idea that promoting active communication and mutual understanding

with different communities should meet the aims of education preparing the young people for

multicultural society in the global age. In this paper, an experimental lesson for students at the
University of Fukui implemented in the spring term of 2006 will be described. In the lesson
Japanese students were encouraged to communicate with overseas students. Some key findings

from the questionnaires distributed to explore issues and effectiveness of the lesson indicate that

there is a lack of understanding of different communities and preparing the young people to live in

multicultural society is one of the significant issues for countries like Japan where consisted of

mono-cultural society for a long time.

Key Words : Multicultural Education, English Language, Global Age, Overseas Students

1. Background Information: the Global Age and
Multicultural Society

1.1 The Global Age

There are many arguments suggesting that we are now
living in “the global age”. The global age refers to the
present time when there are many emerging events and
situations which people have to face globally: Nowadays
people of different countrics come into contact with each
other much more than in the past; many issues such as
the environment, human rights, conflicts between and
within countries, are discussed at an international level;
the Internet has sped up access to information produced
in other couniries; the ethnic mix of people living in
many countries has increased; more people than ever
before travel, study and work abroad.

The more human development grows, the wider its scale
becomes. Moreover, its speed is incredibly fast, thanks to
technology. As Eggleston!'! defines, the technological
society enables us to act in a global scale. Such
phenomenon, as many call it ‘globalization’, which

refers to the compression of the world and the

* Dept. of Architecture and Civil Engineering
Copyright © University of Fukui

intensification of consciousness of the world[z], now
influences not only economic but also technological and
cultural aspects of our daily life. In other words, as
Brown!"! states it is “an irresistible and irreversible

. process beyond the scope of human agency to resist (p.

3)”." Accordingly, these discourses lead us to find
ourselves living in the global age.

Many issues featuring the global age should include
world-wide ones which should be considered beyond the
nation states, such as war and peace, poverty and
development, population growth, and environmental
issues. Although there are also some issues which rather
belong to local states, such as politics and social issues, it
is almost impossible to tackle emerging issues without
considering our relationships with different countries and
acting on a global scale,

1.2 Multicultural Society

According to the migration of people on a global scale,
multicultural society which is rapidly developed emerges
as one of the features of the global age.

The more global the economy becomes and the more
technology is developed, the more people move
throughout the world. Accordingly, the number of people
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who visit, work and study abroad is increasing. In the
case of Japan, the number of people who go abroad only
for sightsceing has increased 10 million for ten years
since 1985. In 2005, 1.7 billion Japanese people went
abroadl. As a result, people throughout the world seem
no longer to be able to avoid coming into contact with
other cultures.

The number of foreign people living in Japan was
more than 2 million in 2003, and it accounts for 1.57% of
the whole population in Japan®', It is the highest number
on record, growing at an estimated rate of 47.7% since
1995. The number of foreign people who live in Fukui
prefecture, where this research is conducted, is about
13,600, 1.66% of the whole population of Fukui in
2004,

Although Japanese people. except the small group of
Ainu living in Hokkaido in the northern part of Japan, are
basically homogencous in terms of ethnicity, it is rapidly
changing. Facing the aging society and the decrease in
skilled workforce in many areas, it is clear that Japan
needs to secure workforce of foreign people to maintain
its cconomic status and stability. It is unavoidable and
inevitable to accept many foreign people willing to work
in Japan, and it results in creating multicultural or

multinational society.

2. Emerging Issues in Developing Multicultural
Society

2.1 Issues in Developing Multicultural Society in
Japan

Moving and living abroad have been rather common
for countries comprised of immigrants, and for countries
in the Continent where many people have moved around
since old times. Although Japan had also accepted
immigrants from the Continent since carly times, the
impact of closing the door to overseas people for 200
years during the Edo Era strongly influenced Japanese
society afterwards. During this period Japanese people
developed their own culture under their own social
orders, and it strengthened their tendency to focus on
domestic issues rather than to form better relationships
with other countries. Although Japan resumed trade with
overseas in the Meiji Era, she lost World War Two,
experienced mass destruction and again had to
After

reconstructing the modemn society with high technology,

concentrate on domestic matters  first.

and gaining its economic power, Japan gradually
attracted foreign people to move in. Nevertheless,
Japanese still seem to stick to their insular tendency and
do not pay much attention to other people living within
their society.

Some research findings show that there are many
people who arc interested in

Japanese  young

‘internationalism’ but few of them are keen on
‘multiculturalism’. According to the research conducted
with 400 Japanese and British students in 2000'", some
outcomes from the two countries are in striking contrast.
In this research, seven aims and eleven curriculum
contents of education for the global age are listed in a
questionnaire and the respondents were asked the degree
of emphasis of each aim that should be given in the
global age. The degrees are categorised in five ranges
from ‘much more emphasis than now’ to ‘much less
cmphasis than now’.

The curriculum content mentioned to be emphasized
most by both Japanese and English students is ‘world
wide issues’. In total, 69.4% of the students from the two
countrics feel it should be emphasized more (scc table 1
and figure 1).

Table 1
World issues (e.g. environment, human rights. war and

peace)

Scores* | 1 2 3 4 5 |M SD
UK(%) |35.6|44.6 (168 |25 |05 1.838]|0.81

JP (%) [24.5]34.0]|18.6]13.8]|9.1 247|125

60. 0%

40. 0% i ouk
20. 0% :I:h: H [:I @JpP
0. 0%

1 2 3 4 5

Figure 1
*In the questionnaire, S degrecs of satisfaction
are divided into 5 scores as follows: Score | =
Much more emphasis than now; Score 2 = A bit
more emphasis than now; Score 3 = Same as
now; Score 4 = A bit less emphasis than now;
Score 5 = Much less emphasis than now. M =
Mean Score. SD. = Standard deviation. .

The findings also show that the aim which most
English students (83.7%) feel should be emphasized is



‘to help pupils to develop an understanding of different
communities in their own country’. On the contrary, the
smallest group of Japanese students (49.0%) are
interested in emphasising this aim (see table 2 and figure
2). The largest mean difference is also found in ANOVA
test in this case (F = 85.57, P<0.05).

Table 2

To help pupils to develop an understanding of’ different

together)
Scores* | | 2 3 4 5 M SD
UK(%) [ 463 (37414320 |0 1.72 1 0.78
JP (%) | 16.6 324302151 ]5.7]2.60 | 1.10

60. 0%
40. 0% ouKk
20. 0%

I l @ JpP
0. 0%

figure 2

In (he research, interviews of 40 Japanese and British
teachers were also implemented and the findings
revealed Japanese teachers’ views about multiculturalism
are very narrow. The following statements come from
Japanese teachers, describing their attitude towards
Japanese and non-Japanese people:

“We Japanese have a uni-racial society, so
we are reluctant to think and act on a
global scale. So our view is very narrow,
we only concentrate on domestic issues.
And I don’t know if | can be kind enough
to people coming from other countries
[because [ don’t know how]. Even now,
when 1 meet foreign people in Japan, I
have a strange feeling with then.”

“It is difficult to understand ‘difference’.
We Japanese people often understand
each other without actual communication,
like ‘ishin denshin® [meaning tacit
understanding], and we tend to see

ourselves as the *same’.”

Those views can unconsciously cause rather apathetic
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attitudes towards different communities in Japan. There
is also some research which finds that the young pupils
have negative attitudes toward people living in Asian
countries. According to a survey exploring high school
students’ views about Asian countries'™, the respondents
show their images about people in Asian countries as
‘poor, starved, developing / undeveloped, refugees, dark,
dirty’. Although

understanding education is introduced in 62.6% of the
19

overpopulated, international
primary, and 25.3% of the secondary schools in Japan
the above finding shows it will take a Jot of time to
change some stereotyped attitudes. It is not too far from
the truth to say that those negative attitudes also

influence their indifference towards multicultural society.
2.2 Tssues and Tasks in Multicultural Society

Tssues of multicultural society are also concerned with
national and individual identities, social and cultural
values each nation developed over many years. Even
though people move around glabally, it is quite difficult
to assimilatc into a different culture; *culture’ is strongly
connected with individual identity.

Holding national identities and values, people need to
respect and accept different customs and cultures which
often make things more difficult and complicated. It
seems much easier then for the host community to keep
its system as it is and neglect different ones. For
immigrants’ part, on the other hand, it is inevitable to
learn customs and languages of the host community to
survive. However, if they are "neglected or even
discriminated, as it can be seen in some countries, it
should be easier for them to stick to their own customs
and cultures in order to defend their identities despite
living in different countries. We may also say that those
negative attitudes stem from some fear that
multiculturalism may ultimately risk values and social
order each country has developed, making every slate
borderless.

However, we are already living in the global age,
developing our society more multinational, and
multicultural. Tt is the most significant and difficult issue
to realise that we no longer belong to one state or one
culture, and we can appreciate cultural diversity within
our own community.

Therefore, it is inevitable for the host communities to
prepare themselves to avoid any predicaments in the

course of developing multicultural socicty, and there are
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various tasks in political, legal, economic and social
aspects. Education is also no exception.

On the whole, it is quite important to change people’s
stercotyped attitudes towards different communities, in
order to avoid indifference and a lack of trust between
different communities in one state. In order to change
people’s stercotyped attitudes, education which promotes
mutual understanding and communication is important.

It will also be important to note here, however, that
changing views and attitudes towards diflerent people
and developing respect and mutual understanding are still
difficult 1ssues even for Britain, which has developed a
multicultural society for -many years. The [ollowing
remark was made by one British teacher in the r‘esezuch

previously described:

“I have been predominantly in mono-cultural
schools where it’s been all white, middle class
kind of environmment and although people can
maybe intellectually appreciate there is a need
to have this broader outlook, the fact that they
arc not conscquently in a multicultural
environment, tend to make 1t seem not really an
important issue which is difficult because
obviously it is more important in those areas

becausc otherwisc you preserve stereotypes.”

This opinion indicates that, as another teacher says,
“The main problem as always is changing people’s
attitude”. In fact it is quite challenging and easier said
than done. Yet it is the key task for education in the
global age, since it will lead us to build a truly

* multicultural society with some system and order which
are (lexible cnough to be widely accepted as well as to

preserve cultural diversity.

3. The Experimental English Class Aiming at
Education for Multicultural Society

3.1 Learning English as Education for Multicultural
Socicty

In order to promote mutual understanding and
communication with different communities, foreign
language education is alse important as cducation
prepares students to live in a multicultural society.
Language has been one of the vital tools of human beings

from its origin to communicate, trade and develop. There

are approximately 6,000 languages in the world,
including a dozen which are spoken by over 100 million
people'”. The more globalization leads to multilingual
societies, the more learning of languages of countries
other than one's own native land becomes important in
many respects.

Learning foreign languages can further social and
cultural understanding of foreign countries. In fact, some
educators have already noted that learning foreign
languages increases awareness of how the knowledge of

other languages helps understanding of other
cultures!' 13
In addition, for those who are nol native

English-speakers, a method of communicating with
people from other countries is made possible by using

English. While English is not officially recognised as a

_universal language, its utility in the world has already

been well recognised. As we can see here, learning about
foreign languages, especially English, is much more than
acquiring grammar and vocabulary!""). It enables people
lo communicate with others, (o -help economic
devclopments in a global scale, and most importantly, to
learn different social trends and cultures. 1n addition to
one’s own native language, English will be great help 1o
communicate with ditferent communities within one
country.

This study focuses on implementation of English
education as education for a multicultural society, and in
the following sub-sections an experimental English Class

in higher education is shown.
3.2 Pre-Test: The Survey in 2005

Education preparing students to live in a multicultural

society, including foreign language education is

important, however, there are some problems of
implementation. As alrcady mentioncd, young pcople arc
not inferested in the understanding ol different
communities in their own country. In fact, after teaching
English at University of Fukui, the national university of
TFukui prefecture, for one and a half years, the researcher
began to notice that the majority of the students, except
for those who leam Cultural Studies, hardly had a
communication with foreign people within their
community, including overseas students.

According to a survey conducted in 2005 to 356
Japanese students reading Engineering Studies in the

University, only 3.6% of them knew that there are a few



outdoor activities with overseas students, 8.9% knew
there is an international friendship meeting held once a
week, and 17.9% knew they can request a language
exchange lesson with overseas students.

This situation is regrettable, since they are losing their
opportunities to know different cultures and to make
friends from - different places without visiting other
countries. It is also great loss for overseas students, who
would like to know about Japanese culture and to make a
lot of Japanese friends.

In addition, the survey revealed that there were many
students (25.0%) who had little self-confidence in their
English speaking skills even though they had interest in
communication with overseas students. The following
quotations are some typical opinions of those students:

“] want to talk with overseas students, but I
don’t think I can speak English well.”

“] want to talk with them but I am very
scared to speak English.”

“l am quite worried about my English
skills.”

Also, some students mentioned that they want to talk
with overseas students but they don’t have enough time,
mainly because of the tight timetable, and working
part-time jobs. Allowing for those opinions, it should be
effective if we can provide some opportunities to talk
with overseas students within English class.

It is also true that many overseas students of the
University of Fukui hope to stay and work in Japan after
their graduation, and they would be members of ocur
community, or would consist of different communities in
terms of culture and nationality. Allowing for this, it is
significant to provide a good opportunity for Japanese
students to communicate with overseas students more, if
we are going to promote education for a multicultural
society. Accordingly, in the spring term of 2006, the
researcher arranged an experimental lesson of education
for a multicultural society in her English class at
University of Fukui. This purpose was to promote active
communication with overseas students, aiming at
education for a multicultural society, and its contents will
be described more in the following sub-sections.

3.3 The Aim of the Experimental English Class:
Promoting Active Communication with Overseas
Students

The main aim of this experimental class is to promote
active communication with overseas students in order to
implement education  for a multicultural society.
Needless to say, developing communication skills in
English is one of the most significant aims of this class.
In addition to this, here I would like to look at the
definitions of the education for multicultural society used
in this study.

In this study, the definition of education for a

multicultural society is based on the following aims:

1. To increase the students’ knowledge and
understanding of the different cultures.

2. To raise their awareness of different
communities within the local community.

3. To enable students to adopt a global
perspectives on contemporary concern and
to gain an understanding of multicultural
Japan in its world context.

The third aim is an ultimate goal and is based on one
of the general curricular aims of multicultural education
in England'"*,

In order to implement the above aims, this study
stands on the idea that one of the significant teaching
methods is to promote active communication and mutual
understanding with different communities. It is because
of the nature of this class; developing communication
skills is one of the significant purposes of foreign
language education, In addition, it is actually the simplest
way as the first step to know difference, promote mutual
cultural
ultimately, change people’s attitude towards different

understanding, appreciate diversity, and
communities.
In the following sub-sections, detailed information on

the experimental class is described.
3.4 Methodology

The experimental Class was organized during the
Spring Term of 2006, at the University of Fukui. In this
class, 30 Japanese students reading Engineering Studies
were encouraged to develop their knowledge about
different cultures, to communicate with overseas students, |
and to do an oral presentation about their findings at the
end of the term.

In this experimental class, the textbooks, classroom
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activities, and the syllabus planning were set in
the above
the

effectiveness and issues of this lesson, questionnaires

accordance with the aims described in
sub-section. Moreover, in order to explore
were distributed at the end of this class.

In consideration of the aim of this experimental class, the
textbooks should provide some knowledge of cultural
background of other countries and promote oral
communication skills. Since textbooks which include
both aspects with a certain standard appropriate for
undergraduate students arc few, and oral communication
should be leamned through actual communication with
overseas students, the researcher decided to utilize a
knowledge-based textbook, named Kiss, Bow and Shake
Hands!"®.. This textbook provides readings of interesting
cultural differences in other countries which are found in
daily life. There are 12 chapters, and the students were
encouraged to read and translate each chapter in a
classroom.

In addition to this main texibook, some sub textbooks
were used in preparation of the assessment. In this class,
assessment method is based on the students’ reading,
presentation and writing skills in English.

Apart from the above classroom leaming, the outside
learning activity needed to be arranged. The main aim of
this class was to communicate with overseas students, so
the researcher needed contact with someone at the
International Student Centre of the university.

Before the Spring Term, the researcher met the
professor who is in charge of the Centre, and he kindly
agreed to arrange some meetings for my students with
students. Fortunately, he
international friendship meeting which provides free

overseas organizes an
talking time both in English and Japanese after school
every other week, associating with Sosen-bu, University
of Fukui Co-op., and University of Fukui International
Student Association (UFISA), and suggested our students
to attend this meeting. Accordingly. a syllabus of the
experimental class for 38 undergraduate students was

prepared as follows:
Table 3

The Syllabus of the Experimental English Class:

Promoting Active Communication with OQverseas

Students in the Spring Term 2006

Prepared for: 38 undergraduate students

General Contents of the Course

The i Learning Contents ! Assess
alms : : ment

: i based

: i on
l.  to : + Simple expressions : Presenta
develop } - Words and Phrases for } tion
Commu E interviews E Skills
nication } - Words and Phrases for | ~ObServ
Skills in | presentations ation of
English | * Students are encouraged to | Intervie

tdevelop  skills  to  usc i W8

! appropriate words and phrases }

! in various situations and skills !

!to express their  opinions !}

: properly to overseas students. &
2. To E . knowledge-based } *
increase | understanding of  different ! Reading
the i cultures in other countries + skills
students ! + Learning about cultural !
: ! differences in  daily life; | (Attitud
knowle | Greeting; dressing; eating and ! €8
dge and | drinking; using gestures, and so | towards
understa | on. ¢ differen
nding of i - Compare them with Japanese | t
the : culture and custom : cultures
differen | i)
t ' !
cultures | :
3. To : * Actual communication with ‘ (Attitud
raise 1 overseas students 1 es
their ¢ * In the interview, students are ; towards
awaren i encouraged to check what | oversea
ess of i they’ve leamnt in the textbook. | s
differen { - Students are encouraged to ! students
t ! explain some Japanese culture ;)
commu | in English :
nities | :
within
the : ;
local ' E
commu !
nity !
i : + How to make good questions ' Content
Others: i * How to be successful in the | S of Fhe
Concern ! interview | question
g i+ How to make a good S
Szl ! presentation '
Researc : H
h Skills ¢ :
Textbooks

1. Kiss, Bow, or Shake Hands!"®

2. Doing

Your Research Project '

3. Scientific Writing and Presentations in English!'®
4. Other useful materials

Assessment Methods

1. Reading Skills -

2. Presen

tation Skills

3. A Short Writing (essay) about the Interview




The Plan for the Spring Term 2006 (15 lessons)

KD Preparation ( lessons 1~9) |

Studying the topics of Kiss, Bow, or Shake Hands 1'®:

Knowledge-based learning

* Students will leam about general cultures and
customs such as greeting, clothing, body languages,
foods. They will choose some of these topics for their
following interviews, as well as some original
questions which they want to ask.

« Some additional materials with more detailed
information on the countries of the overseas students
in the University of Fukui are distributed.

Concerning the Interviews: Oral communication Skills

* They learn some key ideas of Social Research,
which are extracted from Doing Your Research
Project"\.

+ Students learn some words and phrases for
interviews.

+ They are divided into 3 groups, and each group
should attend the international friendship meeting on
the day it has chosen. Before they go to the meeting,
they have to submit the contents of their questions.

- Students have to prepare around 10 questions with
the topics chosen from the textbook, and a few
questions which they want to ask.

« In addition to learning about words and phrases
for interviewing, they also should learn how to make
effective questions. For instance, they are encouraged
to ask some questions about cultures and customs
which are rather general issues. But they can start with
more personal levels’ questions which should be
easier to answer for overseas students by using simple
phrase.

[2 Interviewing (7th - 21st June, 5thJuly) |

- Students go to the lounge at the International
Student Center for the Interview with overseas
students.

3 Preparation for l’reseutationsl
(lessons 10~13) |

« During this stage, students learn about some short
writings and skills of good presentations by using
Scientific Writing and Presentations in English''™.

I Presentations (lessons 14, 15)

- Students give a presentation (speech) for 3
minutes.

- They also submit a short writing about their
interviews on 24th July.

* Questionnaires are distributed.
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At the end of the course, students were filled in the

questionnaire. In the questionnaire, students are asked the

following five questions concerned with communications

with overseas students:

I. Have you ever had a chance to

communicate with overseas students
before this class?

2. Tn which occasion did you meet overseas
students? (This question is for the
respondents who answered “ycs” in
question 1.)

3. Do you think you want to communicate
with overseas students after finishing this
class? State your opinion.

4. What do you want to know about
overseas students, and what kind of
activities do you want to do with them?
(Some key issues are listed and students
can choose more than one item)

5. Write freely your opinions about this

class.
4. Findings and Analysis

4.1 Presentation of Findings

First of all, answers for question 1 indicate that most

students (80.0%) had not communicated with overseas

students before this class.

NYes
ONo

24, 80.0%

Figure 3

Question 1: Have you ever had a chance to
communicate with overseas students before
this class? (Numbers and Percentages)

In question 2, the students, who had communicated

with overseas students before, answered they met

overseas students as classmates. This means there were

no students who intentionally got in touch with overseas
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students.

For question 3 asking about their attitude towards
communicating with overseas students, 58.0% of the
respondents remarked positive attitudes, while 32.0% of
them answered “neither yes nor no”, and, 10% said “no”.

3.10.0% Dves

O Neither

10, 32.0% iesiney
No
ONo

Figure 4

Question 3: Do you think you want to
communicate with overseas students
after finishing this class?

(Numbers and Percentages)

This figure seems not so different from the findings in
the survey conducted in 2005, mentioned in section 3.1,
but the reasons for this question stated by the students
seem a little bit difterence. In the survey of 2005, many
respondents mentioned that they had no self-confidence
in using foreign languages to communicate with overseas
students. In this survey, there were 30.7% of the
respondents who showed their positive attitudes towards
developing their English skills. The following quotations

are spme typical opinions:

“I want to learn English more.”

“T did understand my English skills are not
good enough, but I want to develop my
English speaking skills.”

However, the [indings also show that 19.0% of the
respondents are still worried about their communication
skills. This suggests that more development of speaking
skills will be needed, if this type of English class should
be implemented.

In addition, there are also some students who want to
have friends from overseas more and are interested in

other cultures as follows;

“After having a conversation with overseas
students, I have noticed that there are many
things that T don’t know, and T find those

things are interesting.”

“I want to know about other cultures more.”

For question 4, 55.6% of the respondents answered
that they want to know about general issue of the
overseas students’ home courtiers. There were also many
students (33.3%) who mentioned that they want to ask
the reason why the overseas students chose the
University of Fukui.

0 5 10 15 20 25

Figure 5

Question 4: What do you want 1o know about

overseas students, and what kind of activities

do you want to do with them?

A = Ask about general issues of their countries

B = Ask the reason why they chose University of

Fukui

C = Talk about academic subjects

D = Talk about good and bad issues of Japanese
- culture

E = Teach Japanese

F = Others

As shown in the above, many students are interested in
asking about general issues, such as traditional customs,
foods, languages of overseas students’ countries. If
talking about Japanese culture is included, cultural issues
seem to be the main interest. \

Some positive attitudes towards learning about other
cultures are also found in answers for question 5.
Answers for question 5 are mainly concerned with two
issues: one is about cultural studies (28.6%); the other is
about English skills (71.4%). First, opinions about
cultural studies are as follows:

<Positive attitudes towards learning about
other cultures>
“After communicating with overseas students, |



felt foreign countries are so near, so real.
Speaking with many students coming from
different countries over one table was so new to
me, and very exciting. T thought we should have
this kind of opportunity more.”

“Although I was compelled to do this, 1 was
happy opportunity in the
end....Everyone was so friendly, and if 1 have a

to have this

chance, I want to talk with other overseas
students.”

“I.went to this meeting for the first time, and was
so irritated with myself since 1 couldn’t speak
English well. But I found that so many overseas
students visit [not only Japan but also] many
countries, and thought it’s great. I wasn't
interested in visiting abroad, but I think T will
visit somewhere before my graduation. I want to
attend this meeting again in the future.”

“I think T really enjoyed this meeting, and would
like to talk with overseas students more in the
future.”

As awareness for cultural issues, there is a student,
who noticed that he needs to learn about his own culture
more.

As for English skiﬂs, their opinions are basically the
same as answers for question 3: |

<Attitudes towards learning about English
skills> ‘

“My English was so poor, and I hardly
understood what overseas students said to me. I
think this meeting was so meaningful.”

“If we can have this type of opportunity more
often, I think my English skills will be developed
more.”

“T was so shocked to know that my English is so
poor, and hardly understood what they were
talking about. I want to develop my English skills

more.”

It will also be important to mention that some negative
attitudes towards this class described in question § are
basically about their English skills, and not about cultural
issues at all. Many students realised that their English
skills are so “poor”, and they said they tried hard to

understand what the overseas students were talking about.

However, many of them mentioned that the meeting with
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overseas students were meaningful, especially for
developing their English skills. They understood that
they need to learn English more, and this was quite an
effective result in terms of English teaching, since a lack
of motivation is quite a serious issue in learning foreign
languages. In the following sub-section, analysis and
further discussion are described.

4.2 Analysis and Further Discussion

First of all, I would like to look at activities within the
classroom. In the classroom  lessoms, the
knowledge-based textbooks which are mainly to develop
students’ reading skills were used. Although the main
textbook provides plentiful information and develops
understanding of different cultures, the findings which
mentioned a lot about their “poor” speaking skills may
suggest that there needs more emphasise on speaking
skills.

In addition, students were asked to present the content
of their interviews in the end of the term. Although
students were provided some important information on
presentation skills, they seemed to be very much
concerned with interviews and didn’t pay much attention
to this. More time might be needed for developing
presentation skills, however, this would be covered with
some lessons for developing speaking skills, hopefully.

Judging from the above, more emphasis on speaking
rather than reading skills should have been used for this
class, although getting some basic knowledge about other
cultures is quite important. It can be said that more
careful consideration for selecting textbooks is needed.
When selecting knowledge-based textbooks, we need
some additional materigls or, need to be more careful to
develop students’ speaking skills.

As for the interview with overseas students, it seemed
quite successful in many ways. It encouraged Japanese
students to learn about both cultural issues and
communication skills in English. The findings in
question 3 and 4 indicatc that the meeting with overscas
students became a good opportunity to raise motivation
to learn English more, while the finding for question 4
suggests that interest in different culture is found in many
students.

In addition, as the finding for question 1 suggests, 80%
of the respondents had never communicated with
overseas students before this class. As already mentioned,
overseas students are some of the representatives of the
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different commiunities within one country, having
different cultural and national backgrounds. In terms of
learning. about different cultures within one country, we
can say that the experimental class was successful as the
first step. In fact, the professor who is in charge of the
International Students Centre reported that some students
who said they want to continue activities with overseas
students in question 3 positively attended somme activities
after finishing this class. It shows this experimental class
was quite successful.

Accordingly, we can say that this experimental class
was useful to change indifferent attitudes towards
different communities in the students’ own country as the
first step. Nevertheless, it should be noted that learning
about racism and human rights which are the main
concerns of a multicultural society was not mentioned in
the contents of this experimental class. For one reason,
there is not enough time for including those profound
issues in the class which is mainly prepared for learning
English. In this study, the contents concentrate on our
indifferent attitudes towards different communities,
leaving the details of racism and human rights to another
discussion.

If we are going to emphasize this aspect more, another
experimental class should be ‘prepared with careful
consideration. For instance, selecting of the English
textbooks focused on social issues might be useful, and
the discussion in English about those pquound issues
should be interesting if the students have a certain level
of communication skills. However, in those cases actual
communication with overseas students might not be
combined easily, since having a discussion on issues
such as racism with overseas students could be quite
difficult and sensitive. This type of class should be either
more careful with the topic to talk about with overseas
students or more focused on knowledge-based studies.

In any case, careful consideration on selecting
textbooks and teaching methods according to students’
abiiiry in English should be required. In addition, in order
to prepare students to live in a multicultural society, this
type of teaching and learning method should be
continued and developed more. If this type of class
activity is fo be continued, it will lead the students to
change people’s stereotyped attitudes towards different
communities, to avoid indifference and a lack of trust
between different communities in one country.

5. Conclusion

In this experimental class, students learned about
different cultures and had an actual communication with
overseas students, The findings of the questionnaire
indicate that their awareness of different cultures and
motivation to develop English skills were increased.
Having an actual communication with overseas students
in this class became their first time to have contact with
different communities within their local community, and
this class was quite effective to provide such an
opportunity. In order to raise their awareness of different
communities within one country, and to live in a
multicultural society in the global age, this type of class
activities should be continued. The more young people
communicate with overseas students and different people
within the community, the more they adapt themselves to
an emerging multicultural society developing global

perspective.
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