
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 
 

         

 

Speed Effect of Eddy Current Type Sensor 
 

Akio TANAKA
*1,Kouichi ISHIDA

*2
,Nobuo TAKEHIRA

*2
  

and Toshikatsu MIKI
*3

  
 

                                    Abstract  

  The eddy current sensor is measurable in the noncontacting condition, and moreover, the response is 

rapid. It has wide application fields such as the non-destructive testing, displacement meter and vibration 

meter etc.. When a coil faces moving conductor, the coil impedance is influenced by speed effect. As the 

result, the eddy current sensor gives the different indication in the standstill and movement of the 

conductor. The automatic balanced circuit has been adopted as the countermeasure.  In this paper, a sheet 

conductor is chosen as measuring object. Coil system is arranged on one side of conductor. Coil system 

configuration which can reduce the effect of the speed has been required theoretically. One of the 

solutions is proposed.   

: Eddy Current Sensor, Coil System, Noncontact, Speed Effect.
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Fig.1 Coil system  
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Fig.2 The differential connecting coil system. 
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Fig.3 One turn coil system. 
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Fig.4 Multi-layer coil system. 
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Fig.5 Calculation example(parameter:speed)
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A Note on Closure Property of Sublogarithmic 

Space-Bounded 1-Inkdot Alternating Turing Machines 

with Only Existential (Universal) States 
 

Tsunehiro YOSHINAGA
*1

, Jianliang XU
*2

 and Katsushi INOUE
*3

 
 

Abstract 

 

   A 1-inkdot Turing machine is a slightly modified Turing machine model which has been introduced 

in order to show a strong separation between deterministic and nondeterministic complexity classes. An 

alternating Turing machine is a generalization of nondeterministic one, and is considered as a mechanism 

to model parallel computations. This paper investigates closure property of sublogarithmic space-bounded 

1-inkdot alternating Turing machines with only universal (existential) states, and shows, for example, that 

for any function L(n) such that L(n)  log log n and L(n) = o(log n), the class of sets accepted by weakly 

(strongly) L(n) space-bounded 1-inkdot two-way alternating Turing machines with only universal (exis-

tential) states is not closed under complementation, length-preserving homomorphism, concatenation with 

regular sets, and Kleene closure. 

 

       Key Words: alternating Turing machines, 1-inkdot Turing machines, sublogarithmic space, 

                  closure property, computational complexity 

 

Department of Computer Science and Electronics Engineering

Ocean University of China 

Yamaguchi University

1. Introduction and Notations 

  

Alternating Turing machines (ATM's) were intro-

duced in Ref. 1) as a mechanism to model parallel 

computations. We assume that the reader is familiar 

with the basic concepts and terminology concerning 

ATM's and computational complexity (If necessary, 

see Refs. 1)  4)). 

A two-way ATM (2ATM) we consider here has a 

read-only input tape and a semi-infinite read-write 

worktape. We denote a 2ATM with only universal 

states (resp., existential states, i.e., a two-way nonde-

terministic Turing machine) by 2UTM (resp., 2NTM). 

Further, we denote by 2DTM a two-way deterministic 

Turing machine. 

   Ranjan et al. introduced in Ref. 2) a slightly modi-

fied Turing machine model, called a 1-inkdot Turing 

machine, to show a strong separation of deterministic 

and nondeterministic complexity classes. The 1-inkdot 

Turing machine is a Turing machine with the addi-

tional power of marking at most 1 tape-cell in the input 

tape (with an inkdot). This tape-cell is marked once and 

for all (no erasing). The action of the machine depends 

on the current states, the input and the worktape sym-

bols scanned currently, and the presence of the inkdot 

on the currently scanned tape-cell. For each X {A, U, 

N, D}, let 2XTM
*
 denote a 1-inkdot 2XTM.  

For each X {A, U, N, D} and any function L(n),  

strong-2XTM(L(n)) and weak-2XTM(L(n)) denote the 

classes of sets accepted by strongly and weakly L(n) 

space-bounded 2XTM’s, respectively, and strong- 

2XTM*(L(n)) and weak-2XTM*(L(n)) denote those 

accepted by strongly and weakly L(n) space-bounded 

2XTM*’s, respectively.  

Ranjan et al. showed in Ref. 2) that for any 

two-way Turing machines with an inkdot, nondeter-

ministic and deterministic sublogarithmic space com-

plexity classes are not equal. After that, Geffert showed 

in Ref. 5) that strong-2NTM*(log log n)  strong- 

2NTM(o(log n)) , where from now on logarithms 

are base 2. In Ref. 6), Inoue et al. strengthened the 

result above and showed that strong-2NTM*(log log n) 

 weak-2NTM(o(log n)) . Inoue et al. also intro-

duced 2ATM* in Ref.7) as a generalization of 2NTM* 
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and showed that for each X {A, U} and each Y {U, 

N}, strong-2XTM*(log log n)  weak-2XTM(o(log 

n))  and strong-2ATM*(log log n)  weak- 

2YTM*(o(log n)) . Furthermore, Yosihnaga et al. 

introduced in Ref. 4) sublinear space-bounded 1-inkdot 

two-way alternating multi-counter automata and 

showed that the accepting power of these automata 

with only existential states are incomparable with the 

one of these automata with only universal states. 

   While several important properties of 1-inkdot 

Turing machines with sublogarithmic space are 

explicated up to now, there are little investiga-

tions relating to closure properties of these as we 

know. So, from the theoretical interest, we inves-

tigate in the present paper closure properties of 

2UTM* and 2NTM* which have sublogarithmic 

space. We show, for example, that for each m 

{strong, weak}, each X {N, U} and any function log 

log n L(n) = o(log n), m-2XTM
*
(L(n)) is not closed 

under complementation, length-preserving homo-

morphism, concatenation with regular sets, and Kleene 

closure. 

 

2. Results 

 

Throughout this paper, let L(n) be a function such 

that L(n)  log log n and L(n) = o(log n), and let m be 

an element of the set {strong, weak}. 

For the standard Turing machines, in Ref. 3), it is 

shown that weak-2XTM(L(n)) is not closed under 

complementation, but it is unknown if strong-2XTM 

(L(n)) is closed under the operation, for each X  {U, 

N}. Our corresponding result is shown as follows: 

 

Theorem 2.1. m-2NTM*(L(n)) and m-2UTM*(L(n)) 

are not closed under complementation. 

 

Proof. It is proved in Ref. 4) that the class of sets ac-

cepted by strongly (weakly) S(n) space-bounded 2-way 

1-inkdot alternating multi-counter automata with only 

existential (universal) states is not closed under com-

plementation, where S(n) is a function such that S(n)  

log n and log S(n) = o(log n). By using the same lan-

guages and idea as in Ref. 4), we can directly prove the 

theorem.                                    

 

Remark: It is trivial that m-2NTM(L(n)) and m- 

2NTM*(L(n)) (resp., m-2UTM(L(n)) and m-2UTM* 

(L(n))) are closed under union (resp., intersection). 

Thus, m-2ATM(L(n)) and m-2ATM*(L(n)) are closed 

under union and intersection. 

 

For the standard Turing machines, in Ref. 3), it is 

shown that m-2NTM(L(n)) is closed under intersection, 

but whether m-2UTM(L(n)) is closed under union or 

not is an open problem. On the other hand, for the 

1-inkdot Turing machines with L(n) space, different 

situations occur. To get our results, we need the fol-

lowing key lemma: 

 

Lemma 2.1. Let  
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where for each positive integer m  1, bin(m) denotes 

the string in {0, 1}+ that represents the integer m in 

binary notation (with no leading zeros). Then,  

(1) A weak-2NTM*(L(n)) and  

(2) B weak-2UTM*(L(n)). 

 

Proof. From the assertions in Refs. 8) and 9), we 

straightforwardly get (1) and (2), respectively.       

 

Theorem 2.2. m-2NTM*(L(n)) and m-2UTM*(L(n)) 

are not closed under intersection and union, respec-

tively.            

 

Proof. Let 
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It can be observed that  

(i) both A1 and A2 are in strong-2NTM*(L(n)),  

(ii) both B1 and B2 are in strong-2UTM*(L(n)),  

(iii) A1 A2 = A, and  

(iv) B1 B2 = B.  

From these facts and Lemma 2.1, the present theorem 

follows.                                     

 

Theorems 2.1 and 2.2 above show closure proper-

ties of m-2NTM*(L(n)) and m-2UTM*(L(n)) under 

Boolean operations. 

We will then discuss whether m-2NTM*(L(n)) and 

m-2XTM*(L(n)) are closed under the language opera-

tions: length-preserving homomorphism, concatenation 

with regular set and Kleene closure.  

The following theorem shows non-closure under 

the language operations above for m-2NTM*(L(n)) : 

 

Theorem 2.3. m-2NTM*(L(n)) is not closed under  

(1) length-preserving homomorphism,  

(2) concatenation with regular sets, and  

(3) Kleene closure. 

 

Proof of (1): Let 
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We can easily show that A3  strong-2NTM*(L(n)). 

Further, h(A3) = A, where h is a length-preserving 

homomorphism such that h(0) = 0, h(1) = 1, h(#) = #, 

and h(c) = h(d) = c. From these facts and Lemma 2.1, 

(1) follows.  

Proof of (2): Let 

}&])[1(
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and let A5 = {cw | w  {0, 1}+}*. It can be easily seen 

that  

(i) A4  strong-2NTM*(L(n)),  

(ii) A5 is regular, and  

(iii) A4 A5 = A.  

From these facts and Lemma 2.1, (2) follows. 

Proof of (3): Let 
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It is obvious that A4 A5  strong-2NTM*(L(n)). We 

can observe that A6  strong-2DTM(L(n)). Suppose 

that (A4 A5)
* is in weak-2NTM*(L(n)). Then, (A4

A5)
* A6 is also in weak-2NTM*(L(n)). This is a con-

tradiction, since (A4 A5)
* A6 = A.               

 

In order to obtain our result that m-2UTM*(L(n)) is 

not closed under the language operations mentioned 

above, we prepare the following lemma which is 

shown in Ref. 7). 

９

徳山工業高等専門学校研究紀要

A Note on Closure Property of Sublogarithmic Space-Bounded 1-Inkdot Alternating Turing Machines with Only Existential (Universal) States



Lemma 2.2. Let 
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Then, T weak-2UTM*(L(n)). 

 

Theorem 2.4. m-2UTM*(L(n)) is not closed under 

(1) length-preserving homomorphism,  

(2) concatenation with regular sets, and  

(3) Kleene closure. 

 

Proof of (1): Let 
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and let h be the homomorphism defined in the proof of 

Theorem 2.3. Then, we can show that h(T1) = T. So, 

from this fact and Lemma 2.2, (1) follows.  

Proof of (2): Let  
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and let A5 be the language defined in the proof of 

Theorem 2.3. Then, it is clear that  

(i) T2  strong- 2UTM*(L(n)) and  

(ii) T2A5 = T.  

(2) follows from these facts and Lemma 2.2.  

Proof of (3): It is trivial that T2 A5 is in strong- 

2UTM*(L(n)). Let 
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Then, it is clearly shown that T3  strong-2UTM*(L(n)) 

and (T2 A5)
* T3 = T. From these facts and Lemma 

2.2, (3) follows.                        

 

3. Concluding Remarks 

 

   We investigate closure property of sublogarithmic 

space-bounded 1-inkdot 2-way alternating Turing ma-

chines with only existential (universal) states.  

Our main result is that m-2NTM*(L(n)) and 

m-2UTM*(L(n)) are not closed under intersection and 

union, respectively, and both of them are not closed 

under complementation, length-preserving homo-

morphism, concatenation with regular sets, and Kleene 

closure. 

For determinism, it is shown in Ref. 2) that  

“m-2DTM*(L(n)) = m-2DTM(L(n))” 

(For closure properties of m-2DTM(L(n)) (thus, 

m-2DTM*(L(n))), see Refs. 3), 4)). 

Unfortunately, whether m-2ATM*(L(n)) is closed 

under the operations discussed in this paper except for 

union and intersection is an open problem. 

Inoue et al. introduced in Ref. 8) a multi-inkdot 

Turing machines as an extension of the 1-inkdot Turing 

machine. Some of the results obtained here will be able 

to be extended to the multi-inkdot version. We will 

give them in a forthcoming paper. 

 

 

 

References  

 
1) Chandra, A.K., Kozen, D.C., and Stockmeyer, L.J.: Alternation, J. 

ACM, Vol.28, PP.114 133 (1981).  

2) Ranjan, D., Chang, D.R., and Hartmanis, J.: Space bounded 

computations: review and new separation results, Theoret. Com-

put. Sci., Vol.80, PP.289 302 (1991). 

3) von Braunm hl, B., Gengler, R., and Rettinger, R.: The alterna-

tion hierarchy for sublogarithmic space is infinite, Comput. 

Complexity, Vol.3, PP.207 230 (1993). 

4) Yoshinaga, T. and Inoue, K.: Some observations on 1-inkdot 

alternating multi-counter automata with sublinear space, IEICE 

Trans. Inf. & Syst. Vol.E83-D, No.2, PP.285 290 (2000). 

１０

No.２７（２００３）

Tsunehiro YOSHINAGA, Jianliang XU and Katsushi INOUE



5) Gefferrt, V.: Nondeterministic computations in sublogarithmic 

space and constructability, SIAM J. Comput., Vol.20, No.3, 

PP.484 494 (1991). 

6) Inoue, K., Ito, A., and Takanami, I.: A relationship between non-

deterministic Turing machines and 1-inkdot Turing machine 

with small space, Inform. Process. Lett., Vol.43 PP.225 227 

(1992).  

7) Inoue, K., Ito, A., and Takanami, I.: On 1-inkdot alternating Tur-

ing machines with small space, Theoret. Comput. Sci., Vol.127, 

PP.171 179 (1994).  

8) Inoue, K., Ito, A., Takanami, I., and Yoshinaga, T.: A note on 

multi-inkdot nondeterministic Turing machines with small 

space, Inform. Process. Lett., Vol.48, PP.285 288 (1993). 

9) Yoshinaga, T. and Inoue, K.: Sublogarithmic space-bounded 

multi-inkdot two-way alternating Turing machines with only 

universal states, IEICE Trans. Inf. & Syst., Vol.E84-D, No.1, 

PP.61 64 (2001). 

10) Szepietowski, A.: Turing machines with sublogarithmic space, 

LNCS 843 (Springer-Verlag, 1994). 

 

 Received September 5, 2003

１１

徳山工業高等専門学校研究紀要

A Note on Closure Property of Sublogarithmic Space-Bounded 1-Inkdot Alternating Turing Machines with Only Existential (Universal) States





 
 

 

 

 
*1

 
 

Computer Experiment on the Non-Linear Oscillators 
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Abstract 

 

  Computer experiment has been carried out on a harmonically driven dissipative pendulum and the 

Duffing oscillator. The results show that the phase-space trajectories of the dissipative pendulum depend 

on the initial conditions and /or the amplitude of the external force. The phase-space trajectories of the 

Duffing oscillator show complicated but periodic aspect, once the transient motion passes over, 

. 

Key Words : dissipative pendulum, phase-space trajectory, Duffing oscillator, chaos 
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Consideration on Evaluation of Fracture Toughness 
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Abstract 

  
The evaluation of fracture toughness is very important when we predict ultimate strength of material. The 

standard testing method for fracture toughness evaluation is already proposed. However, making an experiment 

using the standard test method is a little complicated including production of a loading apparatus.  

  In this study, fracture toughness KIC is estimated by some easy testing methods using the model that can 

evaluate a stress intensity factor KI. The acryl resin specimen that shows a linear behavior is used for the 

experiment, and KIC is evaluated using the maximum load. The error over each testing method is investigated, 

and the strong and weak point for each procedure is discussed. 

 

Key Words: fracture toughness, KIC, testing method, acryl resin, testing accuracy 

 

1. Introduction 
 Fracture mechanics is an engineering discipline, 

where the aim is to give a quantitative 

description of the transformation of an intact 

structural component into a broken one by crack 

growth. In its most basic form, it relates the 

maximum permissible stress to the size and 

location of a crack. It can also predict the rate at 

which cracks grow to a critical size, by 

environmental influences or by varying 

loads(fatigue). Further it can determine the 

conditions of rapid propagation and arrest of 

moving cracks. 

 Fracture mechanics is primarily used to prevent 

and predict catastrophic failure of structure of 

man-made materials such as metals, plastics, and 

ceramics. Historically fracture mechanics is a 

development of the strength approach of 

materials, in which the stress in a structure is 

compared with some material strength value in 

order to decide whether failure will occur or not. 

The basic material parameter in fracture 

mechanics is called the fracture toughness. 

As for the evaluation method of fracture 

toughness, the theory is based on the linear 

elastic theory. The evaluation of fracture 

toughness is quite complicated in order that 

almost all material may show a nonlinear 

behavior. Moreover, it is difficult to obtain the 

fracture toughness that mean inherent 

characteristic for the material, or the fracture 

toughness as the judgment standard value for a 

crack extension. So, the fracture toughness 

currently obtained is considered to be the rough 

estimate value of the strength for a crack 

extension. If you want to obtain the standard of 

strength for a crack extension, it is more rational 

to use a simple method. 

 Now, there are two kinds of the standard testing 

methods1) for fracture toughness evaluation. One 

is a compact tension test, and another is three 

points bend test. However, many simple testing 

methods, such as a single edge cracked plate 

tension test and a center cracked plate tension 

test, can be considered as a method of evaluating 

fracture toughness.  

 In this study, an acryl resin that shows a linear 

behavior is used for material, the specimens that 

a size differs are prepared, and six kinds of 

fracture toughness testing methods are tried. The 

dispersions over each the experimental results 

are investigated and the validity of each testing 

method is discussed. 

 

2. Testing Methods for Fracture Toughness 

Evaluation of Mode I  

The fracture toughness is estimated 

respectively independently by the opening mode 

(Mode I), the sliding mode(Mode II), the tearing 

mode (Mode III). However, the generality is 

considered and the fracture toughness evaluation 

is restricted to Mode I in this study. Although it 

is possible to perform many Mode I testing 

methods, the treated testing methods are the 

following six kinds of tests. 

(1)Double edge cracked plate tension test2),3) 

(DECT) 

(2) Single edge cracked plate tension test4),5) 

(SECT) 

(3) Single edge cracked three point bending 
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Fig. 1  The general views of KIC tests in this study 

test4),6),7) (3PB) 

(4) Compact tension test6),8) (CT) 

(5) Center slant cracked circular plate subjected 

to compression load9) (CBD) 

(6) Single edge cracked test for mixed mode 

loading dvice10) (RT) 

 In these tests, the experiment of (5) and (6) is 

one of the mixed mode testing methods and is 

performed as part of a mixed mode test.

Although the tests of (2) and (6) are same in the 

type to pull a single edge cracked plate specimen, 

the joint of the loading apparatus and the 

specimen is the type to grasp for the former and 

the type of pin joint for the latter. So, although 

the evaluation of the stress intensity factor of (2) 

is based on stress, (6) is based on load. The 

general views of these tests are shown in Fig. 1. 

 

3. Experiment 

The acrylic resin (poly-methyl methacrylate : 

PMMA) which shows the deformation and 

failure behavior near a linear elastic body was 

used as a material of experiment specimens. The 

material property of acryl resin is shown in 

Table 1. 

The outline of a specimen size is shown in 

Table 2. The specimen size of DECT test is one 

kind of size, which has 5 specimens with notch 

length a= 10mm, specimen width W= 20mm, 

specimen thickness t= 2mm, specimen length 

= 160mm. The specimen size of SECT test is 

two kind of size, which have 5 specimen with 

notch length a= 20mm, specimen width W= 

40mm, specimen thickness t= 2mm, specimen 

length = 160, and 6 specimens with notch 

length a= 100mm,  specimen width W= 

200mm, specimen thickness t= 2mm, specimen 

Table 1 Material property of acryl resin. 

 

Tensile strength 74.5 MPa 

Bending strength 117.7 MPa 

Compressive strength 123.6 MPA 

Shearing strength 61.8 MPa 

Young’s modulus 2.94 GPa 
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Table 2  The kind of specimens 

 

Group name Specimen 

number (n) 

Notch length 

(a ; mm) 

Specimen 

width(W;mm) 

Specimen 

thickness(t;mm) 

Specimen 

length( ;mm) 

DECT 5 10 20 2 160 

SECT1 5 20 40 2 160 

SECT2 6 100 200 2 550 

3PB1 5 15 30 30 150 

3PB2 6 14,15,16 30 30 140 

CT1 5 60 120 2 144 

CT2 3 20 40 2 48 

CT3 3 60 120 10 144 

CBD 3 20 100 10 100 

RT 3 30 60 2 120 

 
 

length = 550mm. The 3PB test is performed a 

series of test twice. First test has 5 specimens 

with notch length a= 15mm,  specimen width 

W= 30mm, specimen thickness t= 30mm, 

specimen length = 150mm. Another test is 

prepared 6 specimens with a different notch 

length, 14mm, 15mm and 16mm. The span 

length is 120mm. CT test has three kind of size. 

The specimen number is three respectively to 

each test kind. The details are shown in Table 

2(CT1, CT2, CT3). The specimen size of the 

CBD test and the RT test is one kind. The CBD 

test has 3 specimens with notch length a= 20mm, 

specimen radius R= 100mm, and specimen 

thickness t= 10mm. The RT test has 3 specimens 

with notch length a= 30mm, specimen width W= 

100mm, specimen thickness t= 2mm, and 

specimen length =120. 

 Although all specimens are made by machining 

progress, the notch tip is processed by hand with 

the cutter knife. 

 In these experiments, two electro-hydraulic 

fatigue testing machines, whose capacities for 

static loading are 15kN and 450kN, is used. Each 

 
 
Fig. 2 Loading equipment, (a) is for DECT test and SECT test, (b) is for CT test (with big

size specimen), (c) is for CBD test(top view), and (d) is for RT test. 
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Fig. 4 Typical relationship between load and load

point displacement in SECT1 group. 

 
 
Fig. 3 Set up of three point bend specimen in

testing machine 

of loading equipment is shown in Fig. 2. In CBD 

test, the specimen fixed in the equipment (c) 

(Fig.2) is loaded using loading plate for 

compression test. In all tests, the average stress 

intensity factor rate during the test shall be not less 

than about mMPa002.0 or such that failure 

occurs within about 10 min of initial load 

application. The set up of three point bend 

specimen in testing machine is shown in Fig. 3. 

 

4. Conclusion and Discussion 

 The typical relationship between load and load 

point displacement in the test for SECT2 group 

is shown Fig.4. As shown in this figure, the 

relation of load and load point displacement shows 

a liner behavior in all examinations. 

 Fracture toughness KIC is acquired by substituting 

the maximum load for an evaluation formula 

respectively. The used evaluation formula is shown 

below. 

 

(1) DECT test
2)

 

WaFaK II / , Wa /  

2
tan

2

2
cos122.01/ 4waFI  

 

(2) SECT test4) 

WaFaK II / , Wa /  
432 39.3072.2155.10231.012.1/ waFI

 

(3) 3PB test6) 

WaFa
BW

SP
K II /

2

3
2

, Wa /  

2/3

2

121

7.293.315.2199.1
/ waFI  

 

(4) CT test6) 

WaFWBPK II // , Wa /  

)6.572.14

32.1364.4886.0(
1

2
/

43

2

2/3
waFI

 

 

(5) CBD test9) 

a

Rt

P
F

d
a

a

a
K

I

a

a
I

2/1

,
1

 

where  and  are the variables in polar 

coordinates, and 06.1IF  for Mode I with 

0 . 

 

(6) RT test10) 

2

1
88.0

1
55.01

1
56.226.0

1

cos

WB

aP
K

where 0  for Mode I and Wa / . 

 All fracture toughness KIC values obtained in this 

study are shown in Table 3. The average value of 

fracture toughness, standard deviation, and the 

value that divide standard deviation by average 

value as the error are also respectively shown in 

the table for the experiment group.  
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Table 3  Experiment results contained experiment error 
 

Group 

Name 

 

Notch 

Length 

(mm) 

Specimen 

Width 

(mm) 

Specimen

Thickness

(mm) 

Fracture 

Load 

(kN) 

Fracture 

Toughness 

KIC( mMPa )

Average 

Fracture 

Toughness 

Error 

(%) 

10.2 40.0 2.0 0.469 1.229 

10.3 39.9 2.0 0.376 0.992 

10.4 40.0 2.0 0.375 0.990 

10.3 40.0 2.0 0.584 1.536 

DECT 

10.5 39.9 2.0 0.460 1.231

1.196 

0.201 

mMPa  

16.8 

20.9 40.0 2.0 0.228 1.255 

21.0 39.9 2.0 0.267 1.496 

21.5 40.0 2.0 0.214 1.258 

20.4 40.0 2.0 0.244 1.272 

SECT1 

21.2 40.2 2.0 0.246 1.380

1.332 

0.094 
7.1 

100.0 200.0 2.0 0.720 1.609 

100.0 199.9 2.0 0.734 1.662 

100.0 201.0 2.0 0.671 1.480 

101.0 200.0 2.0 0.615 1.404 

101.0 201.0 2.0 0.580 1.306 

SECT2 

101.0 201.0 2.0 0.531 1.196

1.443 

0.162 
11.2 

14.9 30.1 30.1 0.892 1.785 

14.9 30.1 30.0 0.781 1.568 

14.8 30.1 30.1 0.749 1.483 

14.9 30.0 30.0 0.794 1.610 

3PB1 

14.9 30.1 30.1 0.821 1.643

1.618 

0.099 
6.1 

14.0 30.1 30.8 0.926 1.652 

14.0 30.1 30.7 0.876 1.567 

15.0 30.0 30.7 0.833 1.668 

15.0 30.1 30.8 0.780 1.541 

16.0 30.0 30.9 0.631 1.400 

3PB2 

16.0 30.1 31.1 0.672 1.465

1.549 

0.095 
6.1 

60.9 119.8 2.0 0.082 1.174 

60.1 119.9 2.0 0.090 1.260 

60.9 119.8 2.0 0.089 1.274 

60.9 120.0 2.0 0.095 1.356 

CT1 

60.7 120.0 2.0 0.092 1.304

1.274 

0.060 
4.7 

20.5 40.0 2.0 0.060 1.506 

29.9 39.4 2.0 0.060 1.483 CT2 

21.0 40.5 2.0 0.064 1.628

1.539 

0.064 
4.2 

60.0 120.0 10.0 0.496 1.383 

60.0 120.0 10.0 0.435 1.213 CT3 

60.0 120.0 10.0 0.445 1.241

1.298 

0.085 
6.5 

20.0 100.0 10.0 10.388 1.757 

20.0 100.0 10.0 9,800 1.658 CBD 

20.0 100.0 10.0 10.094 1.707

1.707 

0.040 
2.3 

30.0 60.0 2.0 0.267 1.891 

30.0 60.0 2.0 0.276 1.959 RT 

30.0 60.0 2.0 0.241 1.704

1.851 

0.108 
5.8 

 

 The value of fracture toughness is distributed 

widely from 1.19 to 1.85. The experiment group of 

DECT shows the maximum error, 16.8%, and the 

smallest fracture toughness. Speaking of 

experiment accuracy, the experiment groups of 

SECT show the comparatively large experiment 
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error. By these things, as for the testing method   

with the type that grasps and pulls specimen, it is 

guessed that the eccentricity of load tends to 

happen. The experiment groups of CBD and RT 

show comparatively large fracture toughness. Here, 

it may be necessary to take a contact surface into 

consideration for a CDB examination, and, as for 

RT, the component of Mode III may be contained 

in loading. The comparatively large fracture 

toughness also for 3PB tests is shown. This is 

considered because the thickness is large and 

plane-strain fracture did not take place. In CT tests,  

the small specimens give the comparatively large 

fracture toughness. Judging from experiment 

accuracy, 3PB test and CT test, which are adopted 

as the standard testing method, are effective. 

However, if it says from viewpoints, such as 

preparation of loading equipment, 3PB test and 

CBD test are useful.  

 It is estimated by the above thing that inherent 

fracture toughness is about 1.3 mMPa . It is 

important for every testing method not to make the 

eccentricity of load cause. If it says from synthetic 

view, CT test and 3PB test using specimen with 

comparatively small thickness will be able to judge 

as the excellent testing method.  

In this research, the fracture toughness of an 

acrylic resin by using the various fracture 

toughness testing methods has been evaluated. As 

a result, it is shown that 3PB test and CT test with

comparatively thin thickness, which are the 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

standard testing methods, are easy to treat for the 

exception of load eccentricity. 
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Preparation and Ion Exchange of Layer Structured 

Titanate CsxTi2-x/2Znx/2O4 (x = 0.70) 

 

Masao OHASHI 
*
 

 

Abstract 
 

   A layer structured titanate CsxTi2-x/2Znx/2O4 (x = 0.70) with a lepidocrocite-related structure has 

been prepared by a solid state reaction using Cs2CO3, anatase type TiO2 and ZnO at 800 °C.   Ion 

exchange reactions have been studied in aqueous solutions.   The single phases of lithium, sodium 

and hydrogen ion exchange products were obtained from Cs0.70Ti1.65Zn0.35O4.   They contain 

interlayer water and the host layer was retained on the reactions.   Cs
+
 in the interlayer space was 

ion exchanged up to 100 %.   Zn
2+

 in the intralayer was also ion exchanged with H
+
 in H2SO4 

solution.   The Li
+
 exchange product was electrochemically active in a lithium battery. 

 

Key Words : layer structure, titanate, zinc, ion exchange, lithium battery 
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CsxTi2-x/2Znx/2O4 (x = 0.70) 
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0.2939(6) nm
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XRD (a) Cs0.70Ti1.65Zn0.35O4  (b) Li0.53H0.10Cs0.07Ti1.65Zn0.35O4 1.0H2O   

(c) Na0.53H0.17Ti1.65Zn0.35O4 1.1H2O  (d) H1.39Cs0.01Ti1.65O4 1.0H2O (e) Li0.53H0.10Cs0.07Ti1.65Zn0.35O4   

 

(a) Li0.53H0.10Cs0.07Ti1.65Zn0.35O4 1.0H2O  (b) Na0.53H0.17Ti1.65Zn0.35O4 1.1H2O   

(c) H1.39Cs0.01Ti1.65O4 1.0H2O 

２５

徳山工業高等専門学校研究紀要

層状チタン酸塩CsxTi2-x/2Znx/2O4 (x = 0.70)の合成とイオン交換



180

Na0.53H0.17Ti1.65Zn0.35O4 1.1H2O

Cs
+ 100% 76% Na+

100

 

a c

0.850nm 0.89nm

Na
+

Li
+

 

 

 

 

XRD (d)

(c)

100 400  

H
+

H2O

H1.39Cs0.01Ti1.65O4 1.0H2O

Cs
+

99% H
+

Zn

Cs+

Zn2+ H
+

Cs0.70Ti1.65Cu0.35O4 Cu2+ (54%)

H+ 15) 

a c

0.850nm 0.91nm  

 

 

                                                           

200

XRD (e)

a =  

0.369nm b = 0.671nm c = 0.289nm a

c

b

200

b

 

 

Li0.53H0.10Cs0.07Ti1.65Zn0.35O4  

２６

No.２７（２００３）

大橋正夫



0.86nm 0.671nm

3

3.1V

200mAh/g

1.0V – 3.5V

40 mAh/g

 

 

                    

 

  Zn2+

Cs0.70Ti1.65Zn0.35O4

Cs
+ 90% 100%

Cs+ Zn2+

. F. Reid, W. G. Mumme and A. D. Wadsley,         

Acta Cryst., B24, 1228(1968). 

2) D. Groult, C. Mercey and B. Raveau., J. Solid State 

Chem., 32, 289(1980). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3) M. Hervieu and B. Raveau, Rev. Chim. Min., 18, 

642(1981).  

4) I. E. Grey, C. Li, I. C. Madsen, J. A. Watts, L. A. 

Bursill and J. Kwiatkowska, J. Solid State Chem., 58, 

350(1985). 

5) I. E. Grey, C. Li, I. C. Madsen and J. A. Watts, J. 

Solid State Chem., 66, 7(1987).

6) 

19 41(1995). 

7) M. Ohashi, Mol. Cryst. Liq. Cryst., 311, 51(1998). 

8) 

20 7(1996). 

9) M. Ohashi, Mol. Cryst. Liq. Cryst., 341, 265(2000). 

10)  

21 87(1997). 

11)  

22 61(1998). 

12)  

23 61(1999). 

13) M. Ohashi, Electroceramics in Japan IV, 216, 119 

(2002).  

14) M. Ohashi, Key Engineering Materials, 228-229, 

289 (2002). 

15) 

24 37(2000). 

16) 

25 31(2001). 

17) 

26 49(2002). 

２７

徳山工業高等専門学校研究紀要





 

 

 

 

 
* *  *

 
 

 

The Characteristics of the Freshmen in 2003 

---An Analysis Based on the Results of 

a Questionnaire to the Freshmen--- 

 

Yoko MATSUO
*1

 Norihiko HARADA
*2 

Toru KUNISHIGE
*3

 
 

Abstract 
 

   It is four years since the school counselors’ office was set up at Tokuyama College of Technology in 

1999.  The school counselors’ office has been supporting the students proactively rather than reactively 

for two years.  Two years ago, the office started to use a questionnaire to the freshmen inquiring about 

their worries, motivation to study and so on as a kind of the proactive support.  The staff of the office 

used the same questionnaire in April this year for the third time in order to help the freshmen to adapt 

themselves to the new environment. 

   This report comparatively analyzes the results of the questionnaire given to the freshmen from 2001 

to 2003 and points out some of their noticeable characteristics, putting an emphasis on three different 

departments they belong to. 

 

Key Words : proactive support, reactive support, adapt, new environment, questionnaire  
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Job Reporting System for Assistant Students 

at the Information Processing Center 

 
Yoshio HAYASHI

*1
, Keiko TORII

*1
, Takayuki NITTA

*2
 and Norio KODA

*2
 

 

                                    Abstract 
 

The personal computer rooms of the information processing center are available after school up to 

7 pm. At that time zone, the assistant students are employed for some jobs such as the supervision of 

the PC rooms and the adviser of the PC operations of the users. After jobs, the assistant students 

must submit a job report to the technical staffs of the information processing center. So far, they 

composed the job reports by the papers. This paper-based reporting system has some disadvantages. 

Therefore, we developed the computer-based job reporting system using webs and databases. This 

paper describes the structure of this system and some results of the practical use of this system. 

 

       Key Words: Web, PHP, Database, PostgreSQL 
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Time and Space Structure of Horseshoe Vortex 

Shinobu FUKAE
1
 and Takanori SAGA

2
 

 

Abstract 

The characteristics of horseshoe vortex around a cylinder in the shear flow are investigated by using the 

flow visualization technique of plan view and whole view of the flow for various Reynolds number and 

various object shape. In order to clarify coherent structure of horseshoe vortex in the shear flow, horseshoe 

vortex in the shear flow are compared with that in the uniform flow. The results of comparison show 

coherent structure and time-space characteristics of horseshoe vortex movement. It is found that horseshoe 

vortex movement change by Reynolds number and object shape. 

 

Key Words : horseshoe vortex, coherent structure, scour, flow visualization, shear flow 
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A Study on Construction Mechanism of 

The Sand Pile by SCP Method (Part3) 

 

Keiichi ITO, Shunji UE, Mitsunori OUCHI and Haruo FUJIWARA 

 
Abstract 

CP(Sand Compaction Pile)method is a method of improving the soft ground by building dense sand pile and 

this method has spread wide globally. When casing pipes are put in the soft ground, the sand in the pipes 

prevent a soft soil by the plugging effect. On the other hand, when the sand is exhausted, it is necessary to 

solve the plugging effect. This is the most important subject for the construction process of sand pile. In order 

to clear the mechanism of the plugging effect of the sand in casing pipe, push-out tests were carried by using 

the visibilitization equipment which installs friction board in the both-sides. In the result, by the change of the 

friction of the wall surface, it is clear that there is a different the plugging effect. 

 
 

Key Words:sand compacion pile method, casing pipe, plugging effect, friction boad 
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The Three Dimensional Structure of Cylinder  

Wakes in Uniform Flow 
 

Chieko MATSUDA Takanori SAGA  

 

Abstract 

 

Using the flow visualization techniques with streamwise view, plan view, whole view and PTV, the 

three-dimensional structure in cylinder body wakes in uniform flow are investingated. Hydrogen bubbles were used as 

tracer in flow visualization technique. The structure of streamwise vortices in cylinder body wakes and its transmission 

characteristics became clear. And the three-dimensional structure, for example spanwise scale and time-space 

instability of streamwise vortices, changing with Reynolds number are clarified. By PTV, the motions of streamwise 

vortex changing with the time series are investigated. Furthermore it was shown clearly that bifurcation phenomenon 

play important role of the structure and the transmission characteristics of streamwise vortices.  

Key Words three-dimensional structure streamwise vortex, cylinder body wakes PTV
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