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Transport Characteristics of an Air Driven Valveless Pump 

Hideki YOSHITOMI 

The investigation described in this paper was undertaken to clarify the transport characteristics of an air driven valveless 
pump. This valveless pump uses the fluidic diode instead of usual mechanical movable valve to rectify the flow. The author 
designed and produced a test machine of the valveless pump by using performance calculation method shown in the previous 
paper. As the results of the transport examination, the flow rate of the test valveless pump was 225ml/min and the volumetric 
efficiency was 26.8%. Those observed performance values agreed with the design values extremely well. So, the validity of 
the performance calculation method was able to be confirmed. Moreover, it has been understood that the influence of driving 
cycle number on volumetric efficiency was clarified, and it was appeared that the optimum cycle number was in existent.

Key Words: Valveless Pump, Fluidic Diode, Transport Characteristics, Volumetric Efficiency 
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Table 1

   Table 1 Design specifications of the valveless pump 

Fluidic diode 

Dv 18mm 
S 2mm 
Da 4mm 
B 2mm 
Z 20mm 

Diaphragm  material silicone rubber 
thickness 0.5mm 

Pump chamber dis-
placement volume Vd 7mL 

Pneumatic cylinder type TAIYO 
10S-1RG 

Stroke length 10mm 
Expected flow rate Q 223mL/min 
Expected volumetric 
efficiency v 26.6% 

Fig.4 Fig.4
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Fig.5
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Fig.6
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Fig.5  Experimental apparatus 

Fig.4  Photo of the valveless pump 

Valveless pump 
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Fig.6  Pneumatic drive system 
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Effects of Aluminum and Niobium on Impact Properties of  
Ultra High-Strength TRIP-aided Bainitic Ferrite Steels 

Tomohiko HOJO*, Junya KOBAYASHI**, Tomohiro KAJIYAMA** and Koh-ichi SUGIMOTO***

The influence of alloying additions on the impact properties of TRIP-aided bainitic ferrite steel (TBF steel) has been 
investigated extensively. It has been found that the addition of 0.5 mass% aluminum to a 0.2%C-1.5%Si-1.5%Mn (mass%) 
TBF steel increases the upper shelf Charpy impact absorbed energy while lowering the fracture appearance transition 
temperature. This is mainly attributed to the localized stress relaxation due to strain-induced transformation of the fine and 
carbon enriched retained austenite films. It has also been observed that the addition of both 0.5 mass% aluminum and 0.05 
mass% niobium to the steel A improves the impact properties, especially when austempered near the martensite start 
temperature. This is mainly caused by the refined bainitic ferrite lath structure, stable retained austenite and refined prior 
austenite grain size achieved by the addition of niobium. 
Key Words: TRIP-aided steel; ultra high-strength steel; aluminum; niobium; microstructure; retained austenite; toughness 

Recently high- and ultra high-strength low alloy TRIP 
-aided steels associated with transformation induced 
plasticity (TRIP)1) have been developed for automotive 
applications to attain weight reduction and improve the 
impact safety of vehicles. TRIP-aided steel possesses 
excellent formability2-9), hence their use for automotive 
impact members and centre pillars are expected. 

At present, three kinds of TRIP-aided steels, namely 
TDP (TRIP-aided Dual Phase) steel with polygonal 
ferrite matrix2-7), TBF (TRIP-aided Bainitic Ferrite) steel 
with bainitic ferrite matrix8) and TAM (TRIP-aided 
Annealed Martenite) steel with annealed martensite 
matrix9) have been developed. As the TBF steel is 
characterized by the highest tensile strength (780-1470 
MPa) and the best toughness in the TRIP-aided steels10),
application as automotive hot-forgings is expected, 
replacing conventional structural steels. Since it is 
known that the impact property of TBF steel is greatly 
affected by the retained austenite characteristics and 
matrix structure (lath structure and prior austenite grain 
size), it is necessary to consider whether the addition of 
alloying element affects impact properties of TBF steel 
or not. However, the effects of alloying element on the 
toughness have not been extensively examined although 
there are very few studies on the TRIP-aided steels10).

In this study, the effects of addition of aluminum and 
niobium on impact properties of the TBF steel have been  

investigated. They have also been related with 
microstructural features and retained austenite 
characteristics of the steel. 

 In this study, three kinds of vacuum melted and 
hot-forged slabs were prepared. Steel A is the base steel 
with chemical composition of Fe-0.19%C-1.52%Si 
-1.51%Mn (mass%). In steel B, aluminum of 0.48 
mass% was added to the steel A. Steel C had addition of 
0.49 mass% aluminum and 0.05 mass% niobium. 
Chemical compositions of these three steels are listed in 
Table 1, with martensite-start temperature (MS) estimated 
by the following equation (1)11).

MS (oC) = 550 - 361 x (%C) - 39 x (%Mn)  
- 0 x (%Si) + 30 x (%Al) - 5 x (%Mo) (1)  

where %C, %Mn, %Si, %Al and %Mo represent contents 
in mass percent of individual alloying elements, 
respectively. 
 Hot-rolling process and heat-treatment diagram are 
illustrated in Fig. 1 schematically. First, slabs were 
heated to 1200oC and hot-rolled to 3.2 mm thickness to a 
finishing rolling temperature of 850oC. Next, the sheet 
steels were annealed at 950oC for 1200 s in austenitic 
region and then austempered at 300-475oC for 200 s in 

Received 31. 8. 2012 

* Department of Mechanical Engineering 

** Graduate Student, Shinshu University 

*** Department of Mechanical System Engineering, Shinshu 

University 

steel C Si Mn P S Al Nb N Ms
A 0.19 1.52 1.51 0.015 0.002 0.038 - 0.0013 424 
B 0.21 1.48 1.49 0.014 0.002 0.480 - 0.0014 430 
C 0.19 1.51 1.50 0.010 0.002 0.480 0.05 0.0012 437 

Table 1. Chemical composition (mass%) and estimated martensite-start 
temperatures (MS, oC) of steels. 
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salt baths to make the TBF steels. 
Volume fraction of retained austenite (f , vol%) was 

quantified from integrated intensity of (200) , (211) ,
(200) , (220)  and (311)  peaks by X-ray diffractometry 
using Mo-K  radiation12). The carbon concentration (C ,
mass%) of retained austenite was estimated from the 
following equation (2). In this case, lattice constant ( ,
x 10-1 nm) was measured from (200) , (220)  and (311)
peaks of Cu-K  radiation13).

= 3.5780 + 0.0330C  + 0.00095Mn  + 0.0056Al
+ 0.0220N + 0.0051Nb  + 0.0031Mo (2) 

where Mn , Al , N , Nb  and Mo  represent 
concentrations of individual elements (mass%) in 
retained austenite. For convenience, bulk compositions 
of substitutional alloying elements were substituted for 
these concentrations in this study. 

Tensile tests were carried out on a hard type of testing 

machine at 25oC and at a crosshead speed of 1 mm/min 
(i.e. strain rate of 8.33 x 10-4 /s), using tensile specimens 
of 20 mm in gauge length, 4 mm in width and 2.5 mm in 
thickness. 

Impact tests were conducted on Charpy impact testing 
machine at a temperature range between -196 and 150oC. 
Liquid nitrogen, dry ice and ethanol were used for 
cooling the specimen. A thermostatic bath was used 
when the specimen was heated. The specimens were held 
for 1800 s at the testing temperature before impact 
testing. Impact properties were evaluated by upper shelf 
Charpy impact absorbed value (CIAV) and fracture 
appearance transition temperature (FATT). 

Typical scanning electron micrographs and transmission 
electron micrographs of steels A, B and C are shown in 
Figs. 2 and 3 respectively. Microstructures of these steels 
austempered at temperatures above MS consist of bainitic 
ferrite matrix with interlath retained austenite films. On 
the other hand, when austempering treatment is carried 
out at temperatures below MS, the lath-like martensite 
coexists with bainitic ferrite14). In this case, volume 
fraction of the martensite increases with decreasing 
austempering temperature. Addition of aluminum tends 
to become finer lath width and retained austenite films in 
steel B. Further addition of niobium decreases the prior 
austenite grain size, although a small amount of 
pro-eutectoid ferrite is formed during cooling after 
austenitization. In the steel C, NbC is observed in both 

Fig. 2. Scanning electron micrographs of steels (a and d) A, (b and e) B and (c and f) C austempered at (a, b and c) 325 oC or (d, e and f) 400oC, in 
which f is pro-eutectoid ferrite phase. 
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Fig. 1. Hot rolling and heat treatment process of TBF steels. 
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the matrix and at grain boundaries (Fig. 3(c)).  
The initial volume fraction of retained austenite (f 0)

and its carbon concentration (C 0) as a function of 
austempering temperature of steels A, B and C are shown 
in Fig. 4. The initial volume fractions of retained 
austenite in steel A are between 7.5 and 15.7 vol%, and 
their carbon concentrations are between 0.93 and 1.34 
mass% respectively. Initial volume fractions of retained 
austenite of steel B are hardly changed by aluminum 
addition, although their carbon concentrations increase a 
little, compared with those of steel A. On the other hand, 
combined addition of aluminum and niobium tends to 
increase the initial volume fraction of retained austenite, 
with a little decrease in its carbon concentration. 

Stability of retained austenite against the strain-induced 
transformation can be estimated from the carbon 
concentration of retained austenite. However, the true 
retained austenite stability should be evaluated by k
v a l u e  w h i c h  i s  d e f i n e d  b y  t h e  f o l l o w i n g  
equation (3)2, 3, 7-9).

log f  = log f 0 - k (3) 

where f 0 and f  are initial volume fraction of retained 
austenite and volume fraction after straining to plastic 
strain  in uniaxial tension, respectively. Fig. 5 shows the 
k values measured in steels A, B and C austempered at 
400oC. From Figs. 4(b) and 5, it is found that the lower k
value corresponds with higher carbon concentration of 
retained austenite. So, the high carbon concentration of 

0.2 m

(a) (b)

bf

R R
bf

(c) 

Fig. 3. Transmission electron micrographs of steels (a) A, (b) B and (c) C austempered at 400oC, in which bf and R represent bainitic ferrite and 
retained austenite respectively and arrows represent NbC precipitations. 
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retained austenite in Fig. 4(b) means high stability of 
retained austenite in the present steels.  

Fig. 6 shows the tensile properties of steels A, B and C. 
Tensile strengths (TSs) of these steels are between 792 
and 1233 MPa and the total elongations (TEls) are 
between 11.3 and 32.2 % respectively. TBF steels with 
added aluminum displayed high tensile strength of more 
than 980 MPa grade at the range of austempering 
temperature below 400oC compared with steel A. On the 
other hand, combined additions of aluminum and 
niobium decrease the tensile strength and increase the 
total elongation. 

 Fig. 7 shows the typical testing temperature dependence 
of Charpy impact absorbed value (CIAV) of steels A, B 
and C austempered at 325 and 400oC. Upper shelf CIAVs
are clearly visible in all steels. It is noted that these
CIAVs rapidly decrease with decreasing testing 
temperature for all the steels.  
 Fig. 8 shows the variations in upper shelf CIAV and 

fracture appearance transition temperature (FATT) as a 
function of austempering temperature (TA) in steels A, B 
and C. When the steels are austempered close to their 
respective MS, high upper shelf CIAVs are obtained. It is 
clearly indicated in Fig. 8 that the upper shelf CIAV is 
increased and the FATT is decreased by aluminum 
addition and combined addition of aluminum and 
niobium respectively. It is noteworthy that the FATT of 
steel C is lowered by austempering at region of 
375-475oC. Fig. 9 shows the co-relation between the 
CIAV tested at 25oC and FATT versus tensile strength 
(TS) for all the steels. When the impact properties of the 
steels are related to tensile strength, the high upper shelf 
CIAVs and low FATTs are achieved in steels B and C. 

Figs. 10 and 11 show impact load (P)-displacement ( )
curves and crack initiation energy (Ei), crack propagation 
energy (Ep) and total absorbed energy (Et = Ei + Ep)
measured from impact load-displacement curves at 25oC
for TBF steels austempered at 325, 400 and 450oC
(Fig. 10) and for steels A, B and C austempered at 400oC
(Fig. 11). In Fig. 10, the peak of maximum impact load 
of TBF steel austempered at 450oC is at a larger 
displacement with lower value than those of transformed 
at 325 or 400oC. TBF steel austempered at 400oC
indicates high Et and crack propagation energy ratio (Ep / 
Et) compared with TBF steels austempering at 325 and 
450oC. If aluminum and niobium are both added, peak 
impact load is decreased compared with steels A and B 
(Fig. 11(a)). Et, Ei and Ep of steel B are slightly decreased 
(Fig. 11(b)). On the other hand, a large difference in Et,
Ei and Ep between steel A and steel C is not observed. 

Figs. 12 and 13 show typical scanning electron 
micrographs of fracture surface and cross sectional area 

Fig. 7. Charpy impact absorbed value (CIAV) - testing temperature 
(T) curves for steels A, B and C austempered at 325oC or 400oC.
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near fracture region of steels A, B and C austempered at 
400oC tested at -196oC (Fig. 12) and 25oC (Fig. 13). 
From Fig. 12, it is observed that quasi-cleavage fractures 
occurred in every TBF steels tested below the FATT. In 
steel C, facet size of quasi-cleavage fracture is decreased, 
compared with the other steels. The cracks propagate 
along a bainitic ferrite lath interface in steels A and B. In 
steel C, the cracks pass across the pro-eutectoid ferrite. 
In Fig. 13, fracture surface of steels B and C are 
characterized by deep dimple morphology, although the 
dimple size is relatively larger than that of steel A. 

Initiation of voids is observed at bainitic ferrite lath 

boundaries in steels A and B. On the other hand, in steel 
C, the void occurs at pro-eutectoid ferrite interface. 
Particularly, there are various large voids in steel A 

In general, aluminum raises the T0 (T0’) temperature 
and increases the carbon concentration of retained 
austenite with the further consequence of decreasing the 
volume fraction of retained austenite15). On the other 
hand, niobium decreases the prior austenite grain size 
compared with steels B and C. 
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Fig. 10. (a) Impact load (P)-displacement ( ) curves and (b) crack 
initiation energy (Ei), crack propagation energy (Ep) and total 
absorbed energy (Et= Ei+ Ep) measured from impact 
load-displacement curves at 25oC for steel A austempered at 325, 400 
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due to the precipitation of NbC at the grain boundary. 
Niobium tends to lower the carbon concentration of 
retained austenite16). The same tendencies of 
microstructural change and retained austenite 
characteristics by addition of aluminum and niobium 
have been confirmed in this study.  

According to the previous study10), impact properties 
(i.e. upper shelf CIAV and FATT) are controlled by the 
extent of retained austenite, its stability, grain size etc. in 
TBF steel. If the large amount of stable retained austenite 
exists in the TBF steel and the size and width of the 
bainitic ferrite lath are small, the TBF steel can achieve 
the high upper shelf CIAV. In addition, if prior austenite 
grain is refined with containing few different phases such 
as dual phase steel, the FATT is lowered due to the 
decreased facet size. Also, the relationship between 
fracture appearance transition temperature (FATT) and 
unit crack path (d) is given by following equation (4)17).

FATT d-1/2                              (4) 

In this case, cleavage crack propagation is suppressed 
by the strain-induced phase transformation of retained 
austenite because the plastic zone of the crack is much 
larger than inter particle spacing of retained austenite 
films10). So, the improved impact properties of steels B 
and C are correlated to the above microstructural 
properties and retained austenite characteristics. 

 In this study, steel B indicates higher CIAV at 25oC and  

lower FATT compared with the steel A (Figs. 7, 8 and 9). 
Fracture surface of TBF steel containing aluminum 
exhibits larger dimples than that of steel A. It is also 
observed that initiation and growth of the void at the 
bainitic ferrite lath boundary is suppressed compared 
with steel A (Fig. 13). According to Das et al.18), dimple 
size of fracture surface at low strain rate became smaller 
when a large amount of austenite transformed to the 
martesite in AISI 304LN stainless steel. This result is 
caused by the suppression of void growth due to 
martensite transformation. From Figs. 4(b) and 5, it has 
been indicated that steel B possesses higher carbon 
concentration of retained austenite and lower k value 
than steel A in this present study. These results mean that 
it is not easy to transform from retained austenite to 
martensite in steel B compared with steel A. As shown in 
Fig. 14, strength-toughness balance (TS x CIAV) of steels 
A, B and C is linearly related with initial carbon 
concentration of retained austenite (C 0). So, it is noted 
that the improvement of upper shelf CIAV of the steel B 
is caused by the increase in its carbon concentration. This 
can suppress the initiation and growth of voids at the lath 
boundary due to the associated localized stress relaxation 
of the effective strain-induced phase transformation of 
retained austenite. 
 Moreover, the microstructure of steel B indicates 
refined bainitic ferrite lath morphology. It has been 
reported that void formation is promoted if the second 
phase particle is large19) and when the inter particle 
spacing is small20). In steel B, retained austenite films as 
the second phase are refined in comparison to steel A.  
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Fig. 13. Scanning electron micrographs of (a, b and c) fracture surface and (d, e and f) cross sectional area near fracture region of steels (a and d) A, 
(b and e) B and (c and f) C fracture d at 25oC. Austempering temperature is 400oC.
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This may be also increase the CIAV of steel B. 
From Fig. 12, the facet size of cleavage fracture surface 

of steel B is almost the same as that of steel A, and 
cleavage crack of steel B is propagated along the bainitic 
ferrite lath boundary. As shown in Figs. 2 and 3, lath 
width of steel B is decreased and the large amount of 
refined retained austenite exists along the lath boundaries. 
So, it is noted that lower FATT of steel B is caused by the 
thin morphology of bainitic ferrite lath structure and 
more stabilized retained austenite, in the same way as the 
impact absorbed value. 

Both high CIAV at the upper shelf region and low FATT
have been combined in steel C, especially when 
austempered between 375 and 450oC. In this case, the 
microstructure is characterized by fine bainitic ferrite 
structure with pro-eutectoid ferrite and a large amount of 
stable retained austenite. From Fig. 13, the dimple size of 
steel C is large, similar to that of steel B, and few voids 
are observed at the pro-eutectoid ferrite interface in steel 
C although void nucleation and growth is suppressed 
compared with steel A. In Fig. 11(a), displacement of 
maximum impact load of steel C is larger with lower 
maximum load than steel A. Generally, the maximum 
load of this curve corresponds to the initiation point of 
void nucleation21). However, crack initiation energy (Ei), 
crack propagation energy (Ep) and total absorbed energy 
(Et) are almost the same values as those of steel A 
(resultantly Ep / Et is almost same value) (Fig. 11(b)). So 
Fig. 11 suggests that steel C suppresses the void 
initiation until large deformation region during impact 
test. As mentioned above, localized stress relaxation due 
to the strain-induced martensite transformation 
suppresses the void nucleation and growth. Steel C 
exhibits excellent retained austenite characteristics 
compared with steel A (Which may be mainly caused by 
the aluminum addition). It is likely that high upper shelf 

CIAV of steel C is due to the fine and a large amount of 
stable retained austenite. In this case, pro-eutectoid 
ferrite may not influence the upper shelf CIAV although 
it decreases the tensile strength.  

From Fig. 12, the facet size observed on the fracture 
surface of steel C is smaller than that of other steels, 
corresponding to the size of prior austenite grain. This 
fine prior austenite grain size is obtained by the 
precipitation of NbC. In addition, the crack of steel C is 
propagated not along the lath boundary but across the 
pro-eutectoid ferrite. Fig. 15 shows the relationship 
between fracture appearance transition temperature 
(FATT) and unit crack path (d) in steels A, B and C 
austempered at 400oC. The results of ferrite-bainaite or 
bainitic and martensite-bainite or martensitic steels 
which do not include the retained austenite are also 
shown in this figure17). The FATT of TBF steel is lowered 
with decreasing unit crack path. So, it is noted that low 
FATT of steel C is principally caused by the refined prior 
austenite grain size and mixed fine morphology of the 
grain. Also, the stabilized fine retained austenite 
suppresses the initiation and growth of cleavage crack 
formation. Therefore steel C exhibits lower the FATT.

The effects of aluminum and niobium on impact 
properties of TBF steels with tensile strength more than 
980 MPa have been investigated. Main results are 
summarized as follows. 
(1) Aluminum addition of 0.5 mass% to the steel A 
increases upper shelf Charpy impact absorbed value and 
lowers the fracture appearance transition temperature. 
The improvement of the impact properties are associated 
with localized stress relaxation due to the strain-induced 
transformation of the fine and carbon enriched retained 
austenite films. 
(2) Combined additions of 0.5 mass% aluminum and 
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0.05 mass% niobium to the steel A improves the impact 
properties, especially when austempered at temperatures 
between 375 and 450oC. This is mainly caused by not 
only the refined bainitic ferrite matrix, retained austenite 
films and prior austenite grain size but also large amount 
of stable retained austenite by aluminum and niobium 
combined addition. 
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The Judgments of UK Courts on “The Right to Life” 
 in Armed Conflict outside its Territory  No.1    

Hajime OTA 

The main purpose of this study is to analyze the conflict (?) between UK Supreme Courts and European Court of Human 

Rights over “the Right to Life” in the case of Al-Skeini and others. Six Iraqi civilians were killed by British Armed Forces 

in 2003 during its occupation of Iraq and their relatives applied for an order of judicial review against the Secretary of State

for Defense in UK Courts and European Court of Human Rights. On the one hand five appeals of them did not succeed at 

UK Courts, on the other hand all their appeals succeeded at European Court of Human Rights in 2011.  

Why does such a conflict (?) between two courts come about?  How will the judgment of European Court of Human 

Rights influence the future judgments of UK Courts?  

The purpose of this article is to analyze the judgment of Queen’s Bench Division of the case of Al-Skeini and others as the 

first stage of this study.

Key Words: The Right to Life, European Convention of Human Rights, Jurisdiction, Extraterritorial Application 
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Repeat Space Theory 

Applied to Carbon Nanotubes and 

Matrix Art 

Shigeru Arimoto*, Massoud Amini**, Mark Spivakovsky***,

Joseph E. LeBlanc****, Keith F. Taylor*****, Tokio Yamabe******

  In conjunction with the series of papers entitled “Repeat space theory applied to carbon nanotubes and related molecular 

networks. I, II, III” published in the J. Math. Chem., Springer, two Challenging Problems E and F have been formulated and 

discussed. The Matrix Art pictures of carbon nanotube energy band curves played a significant role as a heuristic trigger in 

formulating Problem E, and the pattern analysis of matrices in the repeat space was crucial in providing a conjecture in 

Problem F. The visual and audible data analysis are playing a significant role in the international, interdisciplinary, and 

intergenerational Second Generation Fukui Project and in its special new part, the Niagara Project.  

Key Words: Repeat Space Theory (RST), Asymptotic Linearity Theorem (ALT), Analytic Curves, Resolution of 

Singularities, Fourier Expansions of Absolutely Continuous Functions 

1. Introduction

  The Repeat Space Theory (RST) [1-24] is a central 

unifying theory in the First and Second Generation Fukui 

Project [1-4], which was initiated in August 1992 by 

Kenichi Fukui (1918 - 1998, Nobel Prize 1981). The Matrix 

Art Program in the Niagara Project, which is a special new 

part of the Fukui Project started in 2010, and this program 

has merged to part III of the series of papers entitled 

“Repeat space theory applied to carbon nanotubes and 

related molecular networks” published in the J. Math Chem. 

Springer [7-9]. In conjunction with this series, two 

challenging problems E and F have been formulated and 

discussed in the present paper. The Matrix Art pictures of 

carbon nanotube energy band curves played a significant 

role as a heuristic trigger in formulating Problem E, and the 

pattern analysis of matrices in the repeat space was crucial 

in providing Problem F, which together with other 

challenging problems from refs. [4,9] are enriching the 

interdisciplinary and inter-generational investigations in the 

field between mathematics and chemistry. We remark that 

the visual and audible data analyses are playing a significant 

role in the international, interdisciplinary, and 

inter-generational Second Generation Fukui Project and in 

its special new part, the Niagara Project. 

   

2. Preliminaries and  

Challenging Problem E 

 Before formulating the problem, we need some 

preparations. Throughout, let +, 0
+, , , and  denote 

respectively the set of all positive integers, nonnegative 

integers, integers, real numbers, and complex numbers. (In 

the present paper, we retain the notation given in the 

“Nanotube Series, parts I ~ III” published in the Journal of 

Mathematical Chemistry [7-9]. The reader is referred to refs. 

[25-27] and references therein for the science and 

technology of carbon nanotubes.) 

 Let Arg:  ]- , ] denote the function defined by 

 0 if   z = 0 

 Arg(z) =   (2.1) 

if   z  - {0}, 

where  ]- , ] and  

z = |z| exp(i ).  (2.2) 

(Note that for each z  - {0}, there is a unique  ]- , ]

such that (2.2) holds.) 

 For each n +, let Sgn: {1,…, 2n}  {-1, 1} denote the 

function defined by 

1  if j  {1, …, n}, 

 Sgn(j) =   (2.3) 

 -1    if j  {n + 1, …, 2n}.

 In part III of the “Nanotube series” [9], we proved the  
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2

following theorem using the technique of what is called the 

spectral symmetry (cf. [28,20] and references therein for the 

notion of the spectral symmetry and theorems related to it): 

 Theorem B. Let n +, let t , let c, d , and let
. Let  := (d, ) = 1 + d* exp(-i ). Then, for 1 j  2n,

the eigenvalue j
n,t,c,d( ) of the 2n  2n Hermitian matrix

Fn,t,c,d( ) is given by  
j
n,t,c,d( ) =  

Sgn(j)
2 2 2

2 Re exp
t jc c i

n

=

Sgn(j)

2 2 2
2 cos Arg( ) Arg( )

t jc c c
n

.

   (2.4) 

 Let us now recall the notion of an envelope of a family of 

curves (cf. e.g. [29]). An envelope of a one-parameter 

family of curves given implicitly by 

U(x, y, ) = 0, (2.5) 

where  is the parameter, is a curve that is tangent to every 

member of the family at some point. (Here, the 

differentiability of U and other smoothness conditions of U
are usually assumed.) Define the two variable function with 

the parameter  by  

  V( )(x, y) := U(x, y, ).  (2.6) 

Recall that the singular locus of the function V( )(x, y) is the 

collection of all the points (x, y) where the gradient vector of 

V( ) vanishes:  

  (gradV( )) (x, y) =  

( ) ( )( ( , ), ( , ))x yV x y V x y  = (0, 0). (2.7) 

 In what follows, let U  stand for the partial derivative of 

U with respect to . It is well known that for a family of 

curves represented implicitly, the envelope is given by the 

following simultaneous equations with the unknowns x, y
with the parameter :

 U(x, y, ) = 0, 

  (2.8) 

U (x, y, ) = 0, 

with the additional condition that 

  (gradV( )) (x, y)  (0, 0). (2.9) 

Thus, at first, one has to solve the above simultaneous 

equations (by using e.g. the implicit function theorems) to 

obtain the parametric solution: 

  (x, y) = (x( ), y( )) (2.10) 

that satisfies (2.8). Second, one has to check for each  if 

the solution is not a singularity of V( ).    

 For example, if a family of curves is given implicitly by 

  U(x, y, ) = 2 2( ) 1 0x y , (2.11) 

then, we have 

U (x, y, ) = 2 2 0x , (2.12) 

so that  = x. By solving the simultaneous equations (2.11) 

and (2.12), one has 

  (x, y) = (x( ), y( )) = ( , 1), ( , 1). (2.13) 

Since 

  (gradV( )) (x, y) = (2x 2  , 2y), (2.14) 

the singularity of V( ) is ( , 0). So, neither of the parametric 

solutions ( , 1) and ( , 1) coincides with the singularity 

of V( ). Thus, each parametric line ( , 1) and ( , 1) is an 

envelope of the given families of curves. 

Fig. 1.  Envelopes of (2.11) 

 On the other hand, if a family of curves is given 

implicitly by 

  U(x, y, ) = 2 2( ) ( 1) 0y x x , (2.15) 

then, we have 

U (x, y, ) = 2 2 0y , (2.16) 

so that  = y.

   
  Fig. 2.  Envelope of (2.15) 

By solving the simultaneous equations (2.15) and (2.16), 
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3

one obtains 

  (x, y) = (x( ), y( )) = ( 1, ), (0, ). (2.17) 

Since 

  (gradV( )) (x, y) = 2( 3 2 ,2( ))x x y , (2.18) 

the singularities of V( ) are (
2

3
, ) and (0, ). The 

parametric solution ( 1, ) coincides with none of the 

singularities of V( ), whereas the parametric solution (0, ,) 

coincides with one of the singularities of V( ). Thus, only the 

parametric line ( 1, ) is an envelope of the given families 

of curves, and the parametric line (0, ) is the locus of one 

of the singularities of V( ).   

 Now in Theorem B, fix n +, t , c , and d ,

and set  

 = x, (2.19) 

 = (x) = 1 + d* exp(-ix), (2.20)

   
2 j

n
. (2.21) 

Let

 U(x, y, ) := 

2y -
2 2

2 cos Arg( ) Arg( )
txc c c
n

 = 0.  (2.22) 

 First, notice the fact that the eigenvalues j
n,t,c,d( ) given 

in Theorem B are the solution of the quadratic equations 

(2.22) with  given by (2.21).  

 Second, notice that the following easily verifiable 

inequality holds: 

c y c . (2.23) 

 Third, we remark that via the Matrix Art pictures of 

CNTs and associated computer experiments, one observes 

that the following four curves are parts of four highly 

smooth (real-analytic) curves. 

  y = ( )c x  = f1(x), (2.24) 

  y = ( )c x  = f2(x), (2.25) 

  y = ( )c x  = f3(x), (2.26) 

  y = ( )c x  = f4(x). (2.27) 

Moreover, for each , there seem to exist two highly 

smooth (real-analytic) functions g  and h  on  which 

form the solution of (2.22). 

 We are now ready to formulate our Challenging 

Problems E (Envelope). 

Challenging Problems E. Prove or disprove the 

following conjectures, and investigate the envelopes of the 

family of curves implicitly defined by U(x, y, ) = 0, where  

U(x, y, ) is given by (2.22). 

 Conjecture 1. There exist four real analytic 

functions 1f , 2f , 3f , and 4f  defined on  such that the 

identity

1 2 3 4( ( ))( ( ))( ( ))( ( ))y f x y f x y f x y f x

 = 1 2 3 4( ( ))( ( ))( ( ))( ( ))y f x y f x y f x y f x  (2.28) 

holds for all x , where f1(x),  f2(x),  f3(x), and f4(x) are   

given by (2.24) ~ (2.27).  

 Conjecture 2. For each , there exist two real 

analytic functions g  and h  such that the following 

identity

2y 2 2
2 cos Arg( ) Arg( )

txc c c
n

= (y g (x))( y h (x)) (2.29) 

holds for all x , where the left-hand side is U(x, y, )

given by (2.22). 

 We give preliminary considerations on the above 

problem, we invite the reader to tackle the problem further.   

 By taking the partial derivative of (2.22) with respect to 

, we have 

 U (x, y, )

= 2 sin Arg( ) Arg( )
txc c
n

 = 0.  (2.30) 

By (2.22) and (2.30), we have 

2
2 2 2 22 ( ) 4 ( ) 0y c x c x . (2.31) 

This is a monic quartic equation with real coefficients 

analytically dependent on x. Note that the left-hand side of 

(2.31) can be factored as follows: 

1 2 3 4( ( ))( ( ))( ( ))( ( )) 0y f x y f x y f x y f x . (2.32) 

3. Challenging Problems F 

 In ref. [14], entitled ‘Proof of the Fukui conjecture via 

resolution of singularities and related methods. V’, the 
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theory of analytic (highly smooth) curves and resolution of 

singularities has been applied to prove the Fukui conjecture 

originating in chemistry. We remark that the investigations 

of highly smooth functions and of highly irregular functions 

are complementary in the repeat space theory (RST).  

 In contrast to Challenging Problem E formulated in 

Section 2, the following Challenging Problem F is related to 

absolutely continuous functions (generally highly irregular) 

and to their Fourier expansions.  

 Challenging Problem F is closely related to the 

Asymptotic Linearity Theorems (ALTs) in the repeat space 

theory (RST). The reader is referred to [19-24] for the ALTs 

and for the definitions of the original alpha space X (q) and 

of other symbols given in the following conjecture. 

Conjecture 3. (OALT-X (q) AC(I) version). Let q +, let
s , let {AN} X (q), and let I be a closed interval 
compatible with {AN}. Then, for any AC(I), there exists 
an s( ) such that

  Tr[( s
NP Iq) (  (AN)) ] = s( )N + o(1) (3.1) 

as N . Moreover the real number s( ) is represented 
by the integral given by

s( ) = 
2

0

1
exp( )Tr ( ( ))

2
is F d . (3.2) 

Challenging Problem F. Prove or disprove Conjecture 3. 

 Let P(I) denote the subspace of AC(I) of all the 

polynomial functions with real coefficients. The Conjecture 

3 with AC(I) replaced with P(I) is called Off-diagonal ALT, 

OALT-X (q), P(I) version. The reader is invited to prove or 

disprove this simpler version first. 

 We note that in investigating the above and related 

conjectures, MATLAB and audio frequency analysis 

software called “Spectrogram” have been used to analyze 

the Matrix pattern of various “functions” of repeat 

sequences (AN). Using a MATLAB function, one can 

convert numerical data to audible sound data and one can 

use the latter heuristically to discover patterns in various 

“functions” of repeat sequences (AN). The new 

development along these lines of investigation is now under 

way. The frequency analysis of various sound data is now 

part of the Second Generation Fukui Project and in the 

Niagara Project. The reader is referred to the link [30], in 

which bio-electrical signals from muscle cells are analyzed 

via frequency analyzer. 

4. Matrix Art and Computer Experiments for 

Challenging Problem E and Related Problems 

 In this section, we provide Matrix Art pictures (see the 

envelopes in Figs. 3, 4, and 5) that triggered discovering the 

envelopes discussed in Section 2. These pictures also serve 

to solve Challenging Problem A# formulated in the recent 

paper [9], entitled ‘Repeat space theory applied to carbon 

nanotubes and related molecular networks. III’. The reader 

is also referred to the Matrix Art pictures and notes given in 

[31]. 

 Matrix Art pictures, or Math Digital Art pictures, have 

been so far created by mainly using MATLAB in Matrix Art 

Challenge Seminar in Tsuyama National College of 

Technology (TNCT). Cf. refs. [4-6,9,14] for the Matrix Art 

pictures created in TNCT and for the heuristic role played 

by the pictures. We have recently been extending the range 

of contributors of Matrix Art from the members of TNCT to 

include members of the Fukui Project Association. We are 

also extending the means by which we create such digital 

art pictures, beginning to use MATHEMATICA especially 

assessing its new capability of creating interactive files 

called CDFs, which can be opened and interactively used by 

anyone who can download a free CDF Player through the 

internet.

 After finding the envelopes in several Matrix Art pictures, 

simple computer experiments have been made using 

Graphing Calculator. The following Figs. 6, 7 are snapshots 

of the screens of Graphing Calculator files which can be 

opened and interactively used by anyone who can download 

a free Graphing Calculator Viewer through the internet. 

 In connection to the fractal Matrix Art [4-6,9], the 

reader is invited to refer to Prof. H. Hironaka’s public 

speech entitled ‘Mathematics and the Sciences’ [32] for an 

instructive account of the notion of self-similarity, fractal 

geometry, and of mathematical sciences. 

 The reader is also referred to Prof. R. Hoffmann’s 

public speech entitled ‘One Culture’ [33], which expounds 

the cross-disciplinary interaction between science and art. 

We remark that two refs. [32,33] formed an important 

source of inspiration for the Fukui Project, which is devoted 

to cultivating a new interdisciplinary region in science, 

often utilizing dialectic interplay between a complementary 

pair of opposite notions and ideas. These two refs. [32,33] 

are also playing the role of a guideline for the Matrix Art 

Program of the Niagara Project (cf. [4,6,14,] for details), 

which is a special new part of the on-going international, 

interdisciplinary, and inter-generational Second Generation 

Fukui Project. 
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Fig. 3. Matrix Art picture 1 of CNT energy band curves  

Fig. 4. Matrix Art picture 2 of CNT energy band curves 
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Fig. 5. Matrix Art picture 3 of CNT energy band curves on a cylinder 

Fig. 6. Envelopes 1  

           

Fig. 7. Envelopes 2   
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The punctual Hilbert schemes of degree two for
monomial plane curve singularities†

Masahiro Watari∗ Syōgo Akihira∗∗ Yūki Hazuo∗∗

Shinnosuke Ideta∗∗∗ Kazufumi Ōtani∗∗∗ Kenshirō Kawamura∗∗∗

Satoshi Kojima∗∗∗ Ryōta Sako∗∗∗ Hiroyuki Kusachi∗∗∗∗

In this paper, we show that punctual Hilbert schemes of degree two for monomial plane curve singularities

are isomorphic to a projective line.

Key words: Hilbert schemes of points, irreducible curve singularity

1. Intoroducution

Let k be an algebraically closed field of charac-

teristic zero. In this paper, we consider a mono-

mial plane curve singularity given by

(1) x = ta, y = tb (a < b, gcd(a, b) = 1).

Its local ring O is isomorphic to k[[ta, tb]]. Let

δ be the δ-invariant of O. In our case, we have

δ = (a−1)(b−1)/2. In 6), Pfister and Steenbrink

defined a special subset of the Grassmannian

Gr
(
δ,O/I(2δ)) for a given monomial plane curve

singularity. We call it the Pfister-Steenbrink va-

riety (PS variety) for the given singularity. They

showed the existence of the punctual Hilbert

scheme of degree r which parametrizes the ide-

als of codimension r in O. It is realized as a

connected component of the PS variety.

Pfister and Steenbrink analyzed the structure

of the PS varieties for certain curve singular-

ities. The first author argued the rationality

of punctual Hilbert schemes for monomial plane

curve singularities in 11). The punctual Hilbert

schemes for monomial plane curve singularities

of types A2d, E6 and E8 were also studied in

9) and 10). On the other hand, the punctual

Hilbert schemes for nodal singularity were con-

sidered in 7). The structure of the punctual

Hilbert schemes for cuspidal and nodal singular-

Received August 31, 2012
*Department of General Subject

**Department of Mechanical Engineering, third
grader

***Department of Electrical and Electronic Engi-
neering, third grader

****Department of Electronics and Control Engi-
neering, third grader

†The study of a part of this article was done in
the lecture “Challenge Seminar”.

ities applied to the string theory in 5). Also re-

fer to 1) and 3) about punctual Hilbert schemes.

Our main theorem is stated as follows:

Theorem 1. Let C be a monomial curve singu-

larity given by the parametrization (1), the punc-

tual Hilbert scheme of degree 2 for C is isomor-

phic to a projective line.

In Section 2, we briefly recall Pfister-

Steenbrink theory. In Section 3, we prove

Theorem1. Finally, we consider the case of the

plane curve singularity defined by x = t4, y = t5

in Section 4.

2. Preliminaries

We recall Pfister-Steenbrink theory and prove

some lemmas needed later. We fix notations.

Consider a monomial plane curve singularity

whose local ring is O = k[[ta, tb]]. The notions

explained in this section hold more general situ-

ations. For details, see 6). We denote by O the

normalization of O. Namely, O = k[[t]]. We

call the set Γ := {ord(f) | f ∈ O} the semi-

group of O. An element of the set G := N \ Γ

is called a gap of Γ. We may assume that the

semigroup Γ of O is minimally generated by a, b.

For n ∈ N, set I(n) := {ord(f) | f ∈ O} and

I(n) := I(n)∩O. We call c := min{n | I(n) ⊂ O}
the conductor of Γ. Define the δ-invariant of

O to be dimk(O/O) = �G. Then the relation

δ+1 ≤ c ≤ 2δ holds. Furthermore, the following

lemma is known. See 4) and 8).

Lemma 2 (Gorenstein). For a plane curve sin-

gularity, we have c = 2δ.

����



For p, q ∈ N (p < q), put [p, q] := {x ∈ N| p ≤
x ≤ q}. For a nonzero ideal I in O, we call

r := r(I) := dimk O/I the codemension of I. We

denote by Γ(I) := {ord(f) | f ∈ I} the order set

of I. Set G(I) := Γ \ Γ(I) and c(I) := max{n ∈
Γ(I)|n− 1 /∈ Γ(I)}.

Definition 3. An element J of Gr
(
δ,O/I(2δ))

is called good, if the multiplication O × J �
(f, v) �→ fv ∈ J is defined and J is an O-

submodule with respect to this multiplication. Set

M : =
{
J ∈ Gr

(
δ,O/I(2δ)) ∣∣ J is good

}
,

Ir : = {I| I is an ideal of O with dimO/I = r}.

We prove some lemmas.

Lemma 4. An ideal I of O belongs to Ir if and

only if we have �G(I) = r.

Proof. We easily see that an ideal I belongs to

Ir if and only if the relation

(2) O/I =

{
r−1∑
i=0

ait
di

∣∣∣∣∣ di ∈ G(I), di < di+1

}

holds.

Lemma4 implies that the codimention of I de-

pends on Γ(I). For a Γ-module S, we denote by

I(S) the set of all ideals in O with Γ(I) = S.

Proposition 5. There exists a finite number of

distinct Γ-modules S1, · · · , Sh such that

(3) Ir =

h⋃
i=1

I(Si)

where I(Si) ∩ I(Sj) = ∅ for i 	= j.

Proof. For a given codimension r, there exists a

finite number of sets of gaps which satisfy the

condition (2). So there exists finitely many dis-

tinct Γ-modules S1, · · · , Sh which are the order

sets of ideals in Ir. We obtain the desired de-

composition (3). It is clear that I(Si) 	= I(Sj)

for i 	= j.

Remark 6. An algorithm to compute Γ-modules

S1, · · · , Sh was given in 12).

We consider the following composition map:

ψ :M → Gr(δ, 2δ) → Mδ,2δ(k)/ ∼ → P
N

Put J = 〈f1, · · · , fδ〉k where fi =
∑2δ−1

j=0 aijt
j ∈

O/I(2δ). We identify fi with a point ai =

(ai 0, · · · , ai 2δ−1) of k2δ. The first map in ψ is

given by this identification. Let AJ be a δ × 2δ

matrix whose i-th row is ai. We call AJ the

reperesent matrix of J . The second map in ψ

sends a k-vector space 〈a1, · · · ,aδ〉k to the coset

AJ of AJ . Here the equivalence relation ∼ is

the similarity of matrices. We may assume that

AJ is represented by the reduced row echelon

form. The third map in ψ is Plücker embed-

ding with N =
(
2δ
δ

) − 1. For r > 0, Pfister

and Steenbrink defined a map ϕr : Ir −→ M
by ϕr(I) = t−rI/I(2δ). For ϕr, the following

proposition was shown in 6):

Proposition 7. The map ϕr has the following

properties.

(i) The map ϕr is injective for any r.

(ii) The map ϕr is bijective for r ≥ 2δ.

(iii) The set ϕr(Ir) is a Zariski closed set in M.

Definition 8. For a given monomial plane curve

singularity, we call M and Mr := ϕr(Ir) the

Pfister-Steenbrink variety (PS variety) and the

punctual Hilbert scheme of degree r respectively.

The following fact follows from (ii) in Proposi-

tion 7.

Corollary 9. The punctual Hilbert scheme Mr

with r ≥ 2δ coincides with the PS variety M.

We define Schubert cell Wa1,··· ,aδ
for δ ≥ a1 ≥

· · · ≥ aδ ≥ 0 to be the set of all elements W in

Gr
(
δ,O/I(2δ)) which satisfy dim(W∩Vδ+i−ai) =

i for 1 ≤ i ≤ δ and dim(W ∩ Vj) < i for j <

δ + i − ai. The 2δ-dimensional k-vector space

O/I(2δ) has the canonical flag

0 ⊂ V1 ⊂ V2 ⊂ · · · ⊂ V2δ = O/I(2δ)

where Vi = I(2δ − i)/I(2δ) for 1 ≤ i ≤ 2δ.

This induces a partition of Gr
(
δ,O/I(2δ)) into

Schubert cells Wa1,··· ,aδ
. For an index set Λ =

{a1, · · · , aδ}, we sometimes write WΛ instead of

Wa1,··· ,aδ
.

Proposition 10. For the Schubert cells, we have

Wb1,··· ,bδ ⊂ Wa1,··· ,aδ
if and only if bi ≥ ai holds

for 1 ≤ i ≤ δ.
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For the details about Schubert cells, see 2).

Let ∆ be a subset of [0, 2δ−1] such that �∆ = δ

and ∆ ∪ [2δ,∞) is a Γ-module. Then we define

Mr(∆) to be the subset of Mr parametrizing

ideals I with ∆ = (Γ(I)− r) ∩ [0, 2δ − 1].

Lemma 11. Put ∆ = {b1, · · · , bδ} where 0 ≤
b1 < · · · < bδ < 2δ. Setting

(4) aδ−i+1 = bi − i+ 1 for 1 ≤ i ≤ δ,

we have Mr(∆) = Mr ∩Wa1,··· ,aδ
for r ∈ N.

Proof. Under the same conditions, the relation

M2δ(∆) = M2δ ∩Wa1,··· ,aδ
holds (see Lemma5

in 1)). So we have

Mr(∆) = Mr(∆) ∩ M2δ(∆) = Mr ∩
(M2δ ∩Wa1,··· ,aδ

) = Mr ∩Wa1,··· ,aδ
.

For a component I(Si) of the decomposition

(3), we have Mr(∆i) = (ψ ◦ ϕr)(I(Si)) where

∆i = (Si − r) ∩ [0, 2δ − 1]. The decompositions

of Mr follows from Proposition 5.

Corollary 12. Corresponding to (3), we have

Mr =
h⋃

i=1

Mr(∆i).(5)

Proposition 13. Each component Mr(∆i) in

the decomposition (5) is isomorphic to an affine

space whose dimension equals the number of co-

efficients in the generators of Mr(∆i) (as O-

modules).

3. Proof of Theorem1

In this section, we prove Theorem1. Let C be

a plane curve singularity given by (1). Put O =

k[[ta, tb]]. It follows from Lemma2 that 2δ = c =

(a− 1)(b− 1). Write

Γ = {γ1, γ2, · · · , γ2δ, · · · }

where γi < γi+1, γ1 = 0, γ2 = a, γ2δ = (a −
1)(b − 1) and γ2δ+i = (a − 1)(b − 1) + i for any

i ∈ N. By Lemma4, we see that an ideal I of

O belongs to I2 iff Γ(I) coincides with one of Γ-

modules S1 = 〈2a, b〉 and S2 = 〈a, b+a〉. Here the
notation 〈p, q〉 assigns the Γ-module generated by

p and q. In our case, they are described as

S1 = {γ3, γ4, γ5, γ6, · · · } (γ3 = 2a),

S2 = {γ1, · · · , γj−1, γj+1 · · · } (γ1 = a, γj = b).

So the decomposition (3) in Proposition 5 is de-

termined as

(6) I2 = I(S1) ∪ I(S2).

Furthermore, we easily see that

I(S1) = {(t2a, tb)},
I(S2) = {(ta + ptb, tb+a)| p ∈ k}.(7)

We obtain the decomposition (5) of M2 as

(8) M2 = M2(∆1) ∪M2(∆2)

where

∆1 := (S1 − 2) ∩ [0, 2δ − 1]

={γ3 − 2, γ4 − 2, · · · , γ2δ+1 − 2, γ2δ+2 − 2},
∆2 := (S2 − 2) ∩ [0, 2δ − 1]

={γ2 − 2, · · · , γj−1 − 2, γj+1 − 2,

· · · , γ2δ+2 − 2}.

Here we rewrite ∆1 and ∆2 as

∆1 = {m1, · · · ,m2δ} (mi < mi+1),

∆2 = {n1, · · · , n2δ} (ni < ni+1).

According to (4), we define index set Λ1 =

{p1, · · · , p2δ} (resp. Λ2 = {q1, · · · , q2δ}) by

pδ−i+1 = mi − i + 1 (resp. qδ−i+1 = ni − i + 1)

for 1 ≤ i ≤ δ. It follows from (8), Lemma11 and

Proposition 10 that

M2 = (M2 ∩WΛ1) ∪ (M2 ∩WΛ2)

= M2 ∩
(
WΛ1 ∪WΛ2

)
= M2 ∩WΛ2 = M2(∆2).

Hence we have M2 = W2(∆2). It follows

from Proposition 13 and (7) that M2(∆2) = A
1
k.

Hence we conclude that M2 = P
1. Theorem1

has proved.

4. Example

In this section, we consider the plane curve sin-

gularity which given by x = t4, y = t5. We have

O = k[[t4, t5]] and

Γ = {0, 4, 5, 8, 9, 10, 12, 13, · · · }

where c = 12. Putting

S1 = {5, 8, 9, 10, 12, 13, · · · },
S2 = {4, 8, 9, 10, 12, 13, · · · },
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we obtain the decomposition (6) of I2 and have

I(S1) = {(t5, t8)},
I(S2) = {(t4 + pt5, t9)| p ∈ k}.

The images of these set by ϕr are

M(∆1) = {(t3, t6)/I(12)},
M(∆2) = {(t2 + pt3, t7)/I(12)| p ∈ k}.

These are the components of M2 (see (8)). In

this case, M2 is embedded in P
923 by ψ. Let

J1 (resp. J2) be an elements of M(∆1) (resp.

M(∆2)). Then their represent matrices are

MJ1 =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

0 0 0 1 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 0 1 0 0 0 0

0 0 0 0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0 0 0 1

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

MJ2 =

⎛
⎜⎜⎜⎜⎜⎜⎜⎜⎜⎝

0 0 1 q 0 0 0 0 0 0 0 0

0 0 0 0 0 0 1 0 0 0 0 0

0 0 0 0 0 0 0 1 0 0 0 0

0 0 0 0 0 0 0 0 1 0 0 0

0 0 0 0 0 0 0 0 0 0 1 0

0 0 0 0 0 0 0 0 0 0 0 1

⎞
⎟⎟⎟⎟⎟⎟⎟⎟⎟⎠

respectively. The images ψ(J1) and ψ(J2) are

given in P
923 by the following Plücker coordi-

nates:

ψ(J1) : πΛ =

⎧⎨
⎩1 for Λ2 := {4, 7, 8, 9, 11, 12},
0 for the others,

ψ(J2) : πΛ =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩
1 for Λ1 := {3, 7, 8, 9, 11, 12},
q for Λ2 = {4, 7, 8, 9, 11, 12},
0 for the others.

Namely, they are represented by the vectors

ψ(J1) = (0, · · · , 1, · · · , 0) (π2 = 1),

ψ(J2) = (0, · · · , 1, · · · , q, · · · , 0) (π1 = 1, π2 =

q). Here we rewrite πλ1 and πλ2 by π1 and π1 re-

spectively. We infer from these facts that ψ(M2)

consists of all vectors a = (0, · · · , p, · · · , q, · · · , 0)
with the conditions π1 = p, π2 = q and pq 	= 0.

Since ψ is injective, we identify ψ(M2) with

M2. Then there exists a natural isomorphism

ι : P1 → M2 defined by ι((p : q)) = a.
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Fabrication of Two-layer Structure Superconducting Bulk with YBCO 

Shota SHIMA, Shiryu HIRAMATSU, Yoshino TANIGUCHI and Kanji HARADA 

YBa2Cu3Oy(Y123) superconductors are highly attractive for bulk applications, such as strong superconducting bulk 
magnets. Phase diagram shows a peritectic point at about 1010  where Y2BaCuO5(Y211), a liquid and Y123 coexist.
Y211 is known to contribute to a critical current density. 

We put Y211 powder in Y123 powder and made the superconducting bulk. As the result, we could have Y211 film in 
Y123 superconducting bulk. We named two-layer structure superconducting bulk. We showed that superconducting 
properties improved by putting Y211 powder with an experiment.  

Key Words: Superconductivity, Two-layer structure, YBCO bulk
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* **

Update of a Web Site Using Web User Interface Criterion

* **Eriko Y and Tadashi OAMAGUCHI KADA

We updated the "FIE WEB SITE" which is for a fundamental information education portal site with consideration
of the accessibility and the usability based on preceding studies of our laboratory. The purpose of this study is
updating the portal web site to become easy to use it for access users. Then the considered points are discovered
for the usability, and generalized them by adding to the checklist already made.

Update of Web Site, Web User Interface Criterion, Web Site DesignKey Words:
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* **

Basic Study of an Intellectual Agent Implementation
for Scheduling Labor Reduction

* **Yuuma MIY and Tadashi OAKE KADA

In order to improve a quality of communication, we study a system to automate a personal schedule. The central
part of the scheduling system is implemented as an intelligent agent build by a hybrid system with production and
frame systems. The system is built as a Web system using the open source software such as Ruby, PostgreSQL,
FreeBSD. We confirm that the basic operation of a scheduling generation is confirmed for sample tasks.

Intellectual Agent, Scheduling Problem, Production and Frame Systems, Web systemKey Words:

1-3
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A Programming Experiment Aimed at Growing Students’ Eagerness 

to Study 

Atsushi ONISHI and Naoki TAKAYAMA 

The importance of computer software is continuously increasing in the global marketplace. However, many 
people are not satisfied with the computer programming education provided by Institutes of Technology and 
Colleges. Therefore many teachers are trying to improve programming education, and the teaching staff of the 
Department of Computer and Information Engineering at Tsuyama National College of Technology is no 
exception. This article reports the results of a new programming experiment introduced into the curriculum of 
the 2nd year-class. The experiment challenges students to create easy programs, such as the construction of a 
small game program. We expected that the students would gain motivation to study programing through their 
attainments with these programming challenges. The results of questionnaires proved our success, with the 
presupposition that experimental attainments are related to eagerness to study. Our next attempt is to show this 
presupposition is true. 

Key Words:  Programming,  Experiment,  Eagerness
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新天体観測室の構築とすばる望遠鏡の利用法

佐々井 祐二*

Construction of a New Astronomical Observatory and How to Use the
Subaru Telescope

Yuji SASAI

We are performing various activities for astronomy education, such as open lectures for elementary and junior high
school students entitled "Astronomical Observation Meeting - You can be a future Galileo too!" We have constructed a
new astronomical observatory, which is equipped with a 35cm diameter ACF (Advanced Coma-Free) telescope.
Moreover, for astronomy education and study, we investigated how to use the astronomical data of the Subaru telescope
operated by the National Astronomical Observatory of Japan.

Key Words : Astronomy Education, Astronomical Observatory, Subaru Telescope

１．緒 言

津山工業高等専門学校応用物理研究室では 2009
年 3月に，口径 35cmシュミットカセグレン式望遠
鏡と口径 太陽望遠鏡を装備するスライド
ルーフ天文台を構築し，本校 3 年の自発的学習科
目チャレンジゼミナールあるいは 5 年卒業研究の
学生と共に，天体の測光・分光観測など様々な天
文教育研究活動を行っている．世界天文年 2009か
ら小中学生対象の公開講座「天体観測会―君も未
来のガリレオだ！―」1 ), 2 ) を年 4，5回行っており，
好評である．2012 年度は津山市公民館から依頼さ
れた「天体観測教室」を 2回行った．5月 21日の
大規模部分日食，6月 6日の金星の太陽面通過につ
いても，校内向け観察会を開催し好評であった 3 )．
また，岡山県井原市にある美星天文台はアマチュ
ア天文家育成のため，公募審査により 101cm 望遠
鏡の使用を許可しているが，本研究室では学生と
共に公募観測を行っている．学生も貴重な体験が
でき，観測やその後に高専で行うデータ解析作業
について，非常に熱心に取り組んでいる．
口径 35cm シュミットカセグレン式望遠鏡に加

え，本研究室では 2012 年 3 月に口径 35cm ACF
（Advanced Coma-Free）式天体望遠鏡を大型赤道儀
に同架させた天体観測室を，2012 年 3 月に本校の
校舎屋上に構築し，天文教育活動に使用している．
本稿では，新天体観測室の概要説明と，調査中

の国立天文台すばる望遠鏡の教育的利用について
報告する．

２．新天体観測室構築状況

2008～2010年度の科学研究費，2008年度本校重
点整備費他により，口径 35cmシュミットカセグレ
ン式天体望遠鏡（経緯台式）と冷却 CCD カメラ，
口径 太陽望遠鏡等の装備品からなる天体
観測室を津山工業高等専門学校の校舎 B 棟屋上に
設置した 4 )．Web で操作するインターネット天文
台構築と共に 3 年チャレンジゼミ生の教育，天体
観測会に供している．
口径 35cm シュミットカセグレン式望遠鏡

LX200GPS-35 は世界最大の望遠鏡メーカーの
Meade 社製で業界標準の制御コマンドを有してい
る．しかし，2008 年度の国内総代理店の都合で新
品が入手できず，中古品を入れている．光軸調整
など行ってはいるが経年変化の影響は否めない．
新品と換装すると共にインターネット経由で科学
データも取得可能とするよう進化させたい．つま
り，コマンド系を調査の上，長時間露光可能な赤
道儀式に変更を行い，より利用に適した形態とす
ることを目論んだ．当初は，既設観測室の天体望
遠鏡を換装する計画であったが，中古品とは言え，
天体望遠鏡とピラー脚を含めて 100kg 程度をコン
クリート基礎にボルト固定しており，最適化され
た状態であるので，そのまま利用することにし，
新観測室構築を目指した．原稿受付 平成 24年 8月 30日

＊専門学科共通科目 sasai@tsuyama-ct.ac.jp
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２．１ 天体観測室設置作業
2011～2013年度の科学研究費，2011年度本校教

育研究活動支援経費・経営戦略経費他により，口
径 35cm ACF 式天体望遠鏡を大型赤道儀に同架さ
せた新天体観測室を，2012 年 3 月に本校の校舎 E
棟屋上に構築した．
天体観測用スライドルーフ観測室は協栄産業製

SR23DA であり，そのサイズは縦 2m×横 3m×高
さ 1.8m（ルーフオープン時 1.4m），重量約 0.8トン
である．ただし，コンクリート基礎重量は約 2 ト
ンある．また，特別にルーフ電動化準備済仕様と
しており，2012年度中に電動化の予定である．

校舎 E 棟屋上に，2012 年 2 月 4 日 防水シート
補強工事，2月 18日と 3月 3日 コンクリート基礎
工事を行った．コンクリート基礎が固まった 3 月
19日 観測室移設（東観測室）と新設工事（西観測
室）を耐震壁上に行った．観測室をクレーンにて
屋上に吊り上げ（図 1（a）），基礎の上にアンカー
ボルトで固定した（図 1（b））．東観測室は移設な
ので，業者が経緯台ピラー脚と天体望遠鏡（図 1
（c））を移動させ，ボルト固定した．3 月 28 日と
29日には電源と LANの配線工事を行い，東観測室
のルーフが電動開閉するようになった．
新設の西観測室（図 2（a））については，観測室
設置業者と天体望遠鏡納入業者が異なるため，望
遠鏡の設置については本校で行わなくてはならな
かった．3月 30日には，西観測室に重量が約 100kg
ある赤道儀ピラー脚を本校職員に手伝って頂きな
がら搬入した．両観測室のコンクリート基礎につ
いては，重量軽減のため観測室を支えるロ字型基
礎と望遠鏡ピラー脚を支える円柱形基礎から成る
布基礎と呼ばれるタイプである．しかし，床がフ
ラットではなく，室内の有効活用が図れず，観測

会で子供達が入室する際の安全面が心配された．
そこで，4 月 14 日，近郊の木工業者に，床がフラ
ットになるように木材で床を貼り，シートを貼っ
てもらった．東観測室とピラー脚をコンクリート
基礎に固定する際に用いたアンカーボルトは M12
のタイプであった．しかし，西観測室のピラー脚
の固定には非常に太い M20のタイプを指定されて
おり，これも近郊の業者にやってもらった．今回
の観測室移設と設置については，コンクリート基
礎の軽減化，利便性と安全性に配慮して進める関
係で，問題があれば特に本校施設係に協力を依頼
し，解決していった．

２．２ 主要装置概要
主望遠鏡を説明する．鏡筒は米国 Meade 社の口

径 35cm ACFの LX200ACF-35 5 ) である．ACFはシ
ュミットカセグレン光学系のコマ収差を排除し，
平坦でシャープな像を結ぶ光学系である．
赤道儀は米国 Losmandy社のHGM TITAN赤道儀

5) である（図 2（b））．ピリオディックエラー±5
秒角以内，最大搭載重量約 45kg（撮影用鏡筒搭載
時）である．もちろん，現在 35kg使用しているカ
ウンターウェイトは搭載重量に含まれない．
自動導入コントローラについては，同社の

Gemini 2 5 ), 6 ) を使用する．Gemini 2は初めてタッ
チパネルを採用した赤道儀コントローラであり，
操作性に優れる．また，Gemini 2は Gemini Level 4
の CPUを強力にし，メモリを増やし，タッチパネ
ル等よりユーザインタフェースを向上させたモデ
ルである．Level 4の主な特徴は以下の通りであり，
Gemini 2も準拠している．

内蔵データベースは 41,000天体（Messier=110個，
NGC=7840 個，IC=5386 個，Sh2=313 個，Bright
Stars=167個，SAO=17635個）である

導入精度は全天で 3分角未満，領域限定で 1分角
以内

制御ソフトウェアには The Sky（LX-200互換プロ
トコル）他がある

(a)

(b)

(c)

図 1 天文台設置工事（（a）吊上搬入 （b）屋上設置（手前より，
西観測室，東観測室） （c）移設直後の東観測室望遠鏡 ）

(a)

(b)

図 2 西観測室（（a）外観 （b）口径 35cm望遠鏡と赤道儀，コン
トロールボックス
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一般的に，赤道儀を利用する際には，極軸を天
の北極へ向けなければならない．北極星は，2000
年分点で約 44 分角だけ天の北極から離れている．
つまり，北極星は他の天体と同様に日周運動をし
ている．極軸を適当に合わせても，眼視による観
望には差し支えないが，写真撮影のためには極軸
を天の北極に 1 分角程度に調整する必要があり，
そのために通常は極軸望遠鏡を使用する．しかし，
極軸望遠鏡は月 1 個分以上天の北極から離れた北
極星まで視野に収めるため低倍率であり，製作や
調整に誤差がある可能性もある．厳密には，ノー
タッチガイドの場合で，実際に星を高倍率で長時
間追尾しながら方位角と高度の極軸修正機構によ
り，少しずつ修正するしかない．ただし，現在は
オートガイダーを用いることにより，少し甘い極
軸であっても写真撮影を行うことができる．

TITAN 赤道儀にも極軸望遠鏡はあるが，極軸の
外に平行に取り付ける珍しいタイプである．
Losmandy 社を始め米国の天体望遠鏡メーカーは，
極軸望遠鏡は補助手段として，ソフトウェア的に
極軸合わせをする傾向のようである．

Gemini 2 では，高精度の自動導入を実現するた
め，複数の基準星を導入してモデルを構築するモ
デリングを一度行う必要がある．モデルとは，デ
ータベース座標と望遠鏡が指向する天球座標との
正確なシンクロナイズを実現するためのパラメー
タのことである．導入する基準星の数が多いほど
高精度になる．これにより，架台の極軸誤差に関
係なく，地平線上の全天球の天体を高精度に導入
することができる．ただし，高精度自動追尾機能
を実現するには正確な極軸合わせが必要である．
また，Gemini 2 では，コーンエラーを考慮し，子
午線を挟んだ東半球と西半球で別々にモデルを構
築する．モデリングでは基準星 1 個までで赤経・
赤緯軸の座標エラーの補正，5個までで極軸エラー
の補正，9個までで赤経赤緯両軸の非垂直パラメー
タを加えて補正，10 個以上で鏡筒やカウンターウ
ェイトのたわみまで補正する．このモデリングだ
けで，充分眼視に耐えられるようになる．
モデリング後，PAC（Polar Axis Correct）により，

合致精度 2 分以内の正確な極軸合わせが可能とな
る．天の北極から離れた天の赤道に近く子午線付
近の基準星を選び，アイピース中央に導入する．
次に PACボタンをタッチすると，Gemini 2が計算
したその基準星があるべき位置まで鏡筒が移動す
る．赤道儀の極軸調整（方位，仰角）機構を使用
し，手動でアイピースの視野中央まで入れ直す．
これにより，極軸合わせが完了する．ただし，PAC
を使用するためには，鏡筒のスタートポジション
がある程度は天の北極を向いている必要があるよ

うである．
モデリング等の初期設定が済んだ Gemini 2の利

用は非常に簡単である．もちろん，プラネタリウ
ムソフトで制御することも簡単であるが，細かい
調整ができないので，遠隔制御以外ではタッチパ
ネルのコントローラを利用するのが便利である．

２．３ 天体観測室利用方法
以下に利用の流れを示す 6 ) ．

(1) 観測室準備
北側ドアから室内に入り，合わせ目のロックを

解除しルーフを開ける．もちろん，35cm鏡筒とフ
ァインダーのダストカバーを外しておく．

(2) Gemini 2起動
メインコントロールパネルの電源を ON にする

と，暫くしてスタートメニュー画面が表示される．
ここで，「Warm Restart（ワームリスタート）」をタ
ッチし選択する．これは，望遠鏡を据え付けてい
て，鏡筒が前回観測終了時のままの姿勢の場合の
起動メニューである．ただし，Gemini 2 の水晶発
振器の性能の問題で，時刻がずれやすいので，間
隔の開いた観測の際にはメニュー一覧（図 3）
「TIME」メニューから時刻合わせをしておくと良
い．後述の PCを接続すると，自動的に時刻を取得
する．本望遠鏡は据付使用するので，絶対的な必
要はないが GPSレシーバの利用も便利である．た
だし，時間帯によっては GPS受信に時間が掛かる
ことがある．

(3) 望遠鏡コントロール画面
望遠鏡の方向を変えるには「方向ボタン」をタ

ッチする．アイピースを覗きながらの導入作業に
は，コントローラ裏面の「方向ボタン」（タッチパ
ネルではない）が便利である．トップ画面（図 4）
の「MENU」をタッチするとメニュー一覧（図 3）
が表示される．「SPEED」をタッチすると，「方向
ボタン」を実行する際の架台の駆動スピードが，
「SLEW」→「MOVE」→「CENTER」→「GUIDE」
の順に遅くなる．「GoTo」をタッチするとデータベ
ース一覧（図 5）が表示される．

ALIGN PARK LOCK

SEARCH IDENTIFY

Observation

Setup

FUNCT

MOUNT SITE HC

SPEED TRACK TIME

BACK

GoTo Done:Albireo βCYG

19:30:43 +27:57:35

CENTER 23:30:10

SPEED MENU GoTo

図 3 メニュー一覧 図 4 トップ画面
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(4) データベース一覧
「Bright Star」は Gemini 2の基準星リストである．
「Catalog Object」は 3画面に渡って表示される天
体カタログである．「Solar System」は月を含む太陽
系の全惑星カタログである．「Coordinate Input」は
赤経赤緯座標を直接入力するメニューである．ま
た，「Park」は望遠鏡終了時のメニューである．

(5) 観測
例として，こと座の恒星アルクトゥールスの導

入を考える．まず，データベース一覧画面を表示
させ，基準星一覧「Bright Star」（図 6）を選択する．
現在，観望可能な 2 等星以上の基準星のリストが
表示される．「UP」や「DOWN」をタッチして，
「Arcturus」を選択する．左の「+1」は時角，右の
「65」は高度を表す．「Arcturus」をタッチするだ
けで架台が移動し，アルクトゥールスの導入が行
われる．アイピースの視野中央からずれて導入さ
れた場合は，「方向ボタン」で視野中央に導入する．
また，口径 35cm鏡筒の下部のピントノブ（上のノ
ブはミラーロック）を回し，適切なピントに合わ
せて，アルクトゥールスの観察を行う．ルーフが
観察の妨げにならないように，架台の不動点高を
高くしてあるので，高度の低い天体の観察には踏
み台を使用する．落ちないよう，安全面の留意が
必要である．

(6) 終了
鏡筒を天の北極に向けた状態では，鏡筒上部は

ルーフよりも高い位置にあり，ルーフを閉じるこ
とができない．そこで，観測終了時には「Park」
－「Park at Home Position」を選択する．予め設定
した望遠鏡を横に寝かせる位置まで架台が移動し
てから停止する．通常は電源を OFFとする．望遠
鏡のダストカバーをはめて，ルーフを閉めれば，
全て終了する．

西観測室は通常の天文台として利用可能になっ
ているので，既に，3年チャレンジゼミ生を補助学
生とした天体観測会などに使用されている．
今後の計画を述べる．Gemini 2 には Ethernet ポ

ートがあり，IP アドレスを割り当ててネットワー
ク上から Webブラウザ経由で，ハンドコントロー
ラと同等の操作ができる．遠隔で天体撮影するに
は，電動ピント調整機構が必要で，MoonLite Tele
scope Accessories の MoonLite CS Focuser を用い
る．最近はパルスカウントによって制御できる天
体機器のドライバの統合パッケージとして，Wind
ows 用にはオープンソースの ASCOM Platform が
ある．Linux用には同様の INDIがある．フォーカ
ーサーも含め，冷却 CCD なども ASCOM や INDI
を利用することで，インターネットの Webブラウ
ザ上から科学的データ取得可能な天文台を構築す
ることが可能となる．現在の東観測室とは内容が
異なるが，本校学生の卒業研究などで遠隔制御に
取り組んでいくことも意味がある．

３．すばる望遠鏡の利用法

国立天文台ハワイ観測所のすばる望遠鏡は，標
高 4,200m のハワイ島マウナケア山頂にある口径
8.2m の大型光学赤外線望遠鏡である 7 )．著者は
2012 年 9 月にハワイ観測所にて開催される「第 8
回 最新の天文学の普及をめざすワークショップ」
に参加する．科学コミュニケーター的立場から，
すばる望遠鏡の成果を利用した実践やすばる望遠
鏡のアウトリーチ活動として「高専からの教育的
利用」についての要望を発表する予定である．こ
こでは，すばる望遠鏡の簡単な紹介と教育的利用
のアイディアについて述べる．
現在，口径 8m以上の望遠鏡は世界には 8箇所程

度あるが，すばる望遠鏡は分割鏡でなく単一鏡と
しては世界最大級の口径 8.2mであり，天体からの
微弱な光を集めることができる．また，すばると
比較して集光力が 13倍，解像力が 4倍の口径 30m
次世代超大型望遠鏡 TMT（Thirty Meter Telescope）
も 2018年観測開始を目指し，計画が進んでいる．

３．１ すばる望遠鏡の最新技術
すばる望遠鏡の最新技術をまとめる 7 )．

(1) 主鏡を支える能動工学
すばる望遠鏡の口径 8.2m鏡は，重量を最小にす

るため厚さが 20cmしかなく，鏡を傾けると歪んで
しまう．そこで，261本のアクチュエータが裏側か
ら支え，主鏡の形を理想的に保持する．

(2) 空気の揺らぎを抑える円筒型ドーム
外部の乱流を含んだ空気を流入させないように，

風通しが良く，内部の熱を効果的に排出すること
ができる．

Bright Star BACK

-3 Albireo β CYG 41

DOWN UP BACK

Catalog Object

Solar System

Coordinate Input

Bookmark

Park

-3 Altair α AQL 27

+0 Antares α BOO 26

-4 Deneb α CYG 33

+1 Arcturus α BOO 65

+4 Denebola β LEO 34

+5 Dubhe α UMa 40

+3 Gienah γ CRV 18

図 5 データベース一覧 図 6 基準星一覧
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(3) 観測装置自動交換システム
標高 4,200mのマウナケア山頂で，安全，正確に

観測装置を交換するために，自動交換装置を多く
取り入れている．

(4) すばる望遠鏡 4 つの焦点
すばる望遠鏡は，主焦点，カセグレン焦点，そ
してナスミス焦点 2 個，合計 4 個の焦点を持って
いる（図 7）．主焦点は主鏡に入射した平行光線が
焦点を結ぶ所で，視野を広く取れ，ファイバー多
天体分光器 FMOS や主焦点カメラ （Suprime-Ca
m）を置くことができる．ナスミス焦点はカセグレ
ン焦点の直前に斜鏡を置き，光軸を高度軸と一致
させて像を結ばせる所で，装置の姿勢が変化しな
いので重量やサイズの大きい装置を据え付けるこ
とができる．ナスミス焦点の装置（可視光）とし
て高分散分光器（HDS）を置いている．また，装
置（赤外線）としては，近赤外線分光撮像装置（I
RCS）と 188 素子波面補正光学装置（AO）を置い
ている．カセグレン焦点は主焦点の直前に副鏡を
置いて，主鏡の中心部に開けた穴を通して像を結
ばせた所で，比較的複雑な装置でも取り付けるこ
とができ，多天体近赤外撮像分光装置（MOIRCS），
微光天体分光撮像装置（FOCAS），冷却中間赤外線
分光撮像装置 （COMICS）を置いている．

(5) 補償光学装置
天体からの光は，地球の大気の揺らぎにより乱

され，ぼやけて，望遠鏡に到着する．星像を元に
戻し，望遠鏡の限界性能を実現する技術が補償光
学と呼ばれる．補償光学装置では，形状を制御で
きる鏡（可変形鏡）を用いて大気のゆらぎによる
星像の乱れを補正する．すばるでは，望遠鏡の先
端から波長 589nm のレーザー光を，上空 90km に

あるナトリウム層に向けて照射し，人工的に参照
星を作る．

(6) 主焦点カメラ Suprime-Cam 8 )

すばるは口径 8 メートル級の望遠鏡の中で，最
大の視野（直径 30 分角，つまり満月の大きさ），
を持つ望遠鏡である．この主焦点に取り付けられ
た主焦点カメラ Suprime-Cam は CCD を 10 個並べ
た 8000万画素 CCDカメラである（図 8）．広い天
体を効率良く観測することで，銀河の誕生と進化
や宇宙の構造の研究，太陽系外縁部の小天体の探
索などに威力を発揮する．

３．２ 高専からの教育的利用
(1) SMOKA9 ) による公開データの利用
国立天文台天文データセンター(NAOJ/ADC)の
天文データアーカイブセンター(ADAC)が中心と
なって開発，運用を行っている すばる 三鷹 岡山
木曽アーカイブシステム SMOKA（Subaru Mitaka
Okayama Kiso Archive）は，すばる望遠鏡，岡山天
体物理観測所 188cm 望遠鏡，東京大学木曽観測所
105cmシュミット望遠鏡 MITSuME，東広島天文台
かなた望遠鏡の公開データ（観測から 18ヶ月間を
過ぎたデータ）を提供している．主に天文学の研
究者向けに作られているが，これを利用したい．

(2) SDFRED8 )による Suprime-Camの一次画像解析
Suprime-Cam で得られた画像データを整約する

為のパッケージソフトウェアが SDFRED （Supri
me-cam Deep Field REDuction）パッケージである．
SDFREDは，Suprime-Cam の膨大な raw データを，
標準的なパラメータを用いて半自動もしくは自動
で処理し，一枚の大きな整約済み画像（最終画像）
を作成する．この整約済み画像は，そのままサイ
エンスに用いることができる．
具体的には，バイアス引きおよびオーバースキ

ャンの切り取り，フラット作成，感度補正（flat f
ielding），歪補正および微分大気差補正，PSF（Poi
nt Spread Function） 測定と合わせ，スカイの差し
引き，組み合わせ（mosaicing）などの作業を半自

図 7 すばる望遠鏡 4つの焦点（すばる望遠鏡
Webページより引用）

図 8 主焦点カメラ（すばる望遠鏡Webページより引用）
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動で行い，整約済み画像を得ることができる．

(3) 測光解析及び分光解析
測光解析には，SDFRED の測光機能あるいはす

ばる望遠鏡画像解析ソフト マカリ（Makali`i）を
利用する．分光解析にはソフト IRAF （Image Re
duction and Analysis Facility）を利用する．

(4) 目的とするサイエンス
上記(2)，(3)は天文学の研究者を志す大学学部生

や高専専攻科生，さらには大学院生向けの内容で
ある．高専本科生が一次画像解析，測光解析及び
分光解析に習熟するには時間が掛かると思われ，
卒業研究で取り扱うのが望ましい．しかし，テー
マを絞り，そのルーチンワーク的な作業について
は，熱心な本科生であれば，可能ではないかと期
待する．
具体的なサイエンスとしては，星や銀河の光度

関数，超新星や変光星，系外惑星などの変更天体，
衛星や小惑星などの移動天体，重力レンズ効果測
定，星や銀河の色等級図，特定の波長で光ってい
る（吸収がある）天体の検出，距離の推定，星種
属の推定などが考えられる．
本校の天体観測室でも取り扱う天体のより精密

なデータとして SMOKA の利用，国立天文台等が
なされた科学的発見のデータ解析的な確認，ある
いは SMOKA データの独自の解析などが考えられ
る．ただ，本校学生の教育的な天文研究の意味で
は，国立天文台からアドバイスも頂けるようなコ
ラボレーションが望ましい．

３．３ 要望
高エネルギー加速器研究機構（KEK）において，

2004 年以来実施されている B-Lab（ビー・ラボ：
新しい素粒子発見のための公開データ解析プログ
ラム）10 ) について述べる．KEKでは粒子と反粒子
の物理法則の違いを調べるための B ファクトリー
実験が行われ，その違いを説明する小林－益川理
論を検証した．B-Labプログラムは，この実験で収
集されたデータの一部をインターネット経由で主
に高校の科学クラブなどに公開し，「新粒子探索」
を行わせるものである．この実験では実験グルー
プにより 20種類以上の新しい粒子が発見されてい
るが，この内 2 種類の粒子については高校生達に
再発見されている．
また，国立天文台（総合研究大学院大学）は，

ハワイ観測所，光赤外研究部，及び天文データセ
ンターが中心となって，研究の第一線を目指す大
学学部生，高専専攻科生及び大学院生に対し，春
の学校，秋の学校，観測体験企画の 3 つの教育プ
ログラムを用意している．

高専本科からの教育的利用を考えると，B-Lab
と同様に SMOKA のデータを高校生（高専本科を
含む）が利用できるような「新天体・新現象確認
のための公開データ解析プログラム」を開発して
頂けると非常に有用である．基本的には科学的ト
ピックスの再発見であるが，全国の熱心な高校生
の作業により，新事実も発見される可能性もある．
また，SMOKAデータ利用を目指す高校生向けの教
育プログラム「夏の学校」を開催頂くと，より効
果的で，将来の天文学者の育成が非常に期待され
る．

４．結 言

本稿では，応用物理研究室が手掛けた新天体観
測室構築の概要説明と，国立天文台すばる望遠鏡
の公開データの高専からの教育的利用について述
べた．2012年 8月，満月 9個分の視野を一度に撮
影できる約 8 億 7000 万画素の次期主焦点カメラ
Hyper Suprime-Cam（HSC）の試験観測が始まった．
HSC はダークエネルギーの解明を目指しているが，
公開される観測データの解析を通して，高専から
の科学的寄与を目指したい．
なお，本取組と調査は科学研究費補助金

（23501047）と 2011年度本校教育研究活動支援経
費・経営戦略経費を受けて行ったものであり，こ
こに謝意を表します．
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