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Long-Range Correlations of Fermion Fields in Accelerating Universe
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Abstract

We study correlation functions of fermionic fields in spatially flat Friedmann-Le Maitre-Robertson-Walker (FLRW:;

homogeneous and isotropic) universes. It has been known that quantum fluctuations of scalar fields have characteristic

long-range correlations in an accelerating universe, which give rise to important observable effects, such as correlations of

temperature fluctuations in the cosmic microwave background radiations across the celestial sphere. The aim of this work

is to understand whether similar long-range correlations exist for fermions. We study Dirac and Rarita-Schwinger fields,

and reach negative conclusions to the above question, at least in the cases studied here. We discuss possible directions for

the generalization of our work.
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Experimental study on the effect of archery arrow vane shape on shaft rotation and
vibration characteristics

¥ F#  Takanori HIRANO**

Abstract

Archery has many competitors around the world, and new materials are used for the parts of bows as technology develops
in recent years. There are increasing number of unexplained areas of archery performance due to the diversification of
new materials. One of them is the arrow feather (vane). Vane is roughly divided into rotary and non-rotary types. Since
the rotary type is mainly the drag type, the arrow speed decreases. But if a lift type rotary vane can be developed, it is
considered that a vane with better performance can be achieved because the rotational force can be obtained with lower
drag. If we can clarify the characteristics and common points of vane that lead to higher scores, we can expect to develop
new vanes. In wind tunnel experiments, using a jig with an arrow model, measurement and analysis were performed on
the rotational performance and convergence performance of the arrow model at a uniform flow velocity of 20 m/s (1/3 of
the actual arrow speed). To evaluate the performance of vane, the rotational performance was evaluated by the number
of revolutions for each of the non-converging motion (at rest) and the converging motion (vibration), and the convergence
performance was evaluated by the time until convergence of vibration of arrow shaft. In the performance evaluation of
off-the-shelf products, it became clear that rotary vanes can be further classified into those with top pitches and those that

do not, and those with many users worldwide do not have top pitches.

Keywords: Archery, Vane, Arrow, Wind tunnel experiment, Oscillation, Rotation, Texture
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Fig. 2 Experimental equipment Fig. 4 Detail view

Fig. 3 Experimental equipment diagram
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Fig. 5 Measurement system
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Fig. 6 Photographs of typical vane
(a) Non-rotation vane
(b) Curl type rotation vane
(c) Curl & top-pitch type rotation vane
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convergence)
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Fig. 9 Rotation speed and angular displacement of Spinwing (at
convergence)

Fig. 10 Rotation speed and angular displacement of Spinwing
(at non-convergence)
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Fig. 11 Relationship between rotation speed and convergence time of arrow
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[ERERISFEE| BREICRSNBHARAORE"
Characterristics of Adjectives in the “Scince Laboratory” Textbook
/I\Bk FRESEB  Ichiro KOBAYASHI

Abstract
Analyzing adjectives in the “Science Laboratory” textbook, it was found that the most of them in frequent use are in
beginner level. Then they show the following characteristics;
1) Chiisai is used with numeric words and chiisa-na is used for sizes of things. Then the pair of okii and ooki-na has a
same relationship.
2) Ookii is used for counting times instead of oo when the times are indicated by characters. It seems to cause that ookl
and chiisai are used more frequently than ooki and sukunai.
3) Yoi is used less for indicating evaluation and judgement than for instructing students such as “ba yoi”, “to yoi”, “de
yot”, and “te mo yoi”.
4) Ooi indicates frequency of some occasions and cases more than numbers of things. It shows characteristics of the
textbook.
5) Seikaku does not indicate only something precise but an instruction such as “setkaku-ni keisan suru” ie. “calculate
accurately”. It shows characteristics of the textbook of experiments.
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E NCD10O G FHEHED —1— MSILIT Y RRTF & —EREEEME (C R I TREN
The role of sugar moieties of the human CD10 molecules for neutral endopeptidase
activity catalyzing the hydrolysis of peptide bonds in several peptide hormones

Fta #F Youko KATAGIRI*

Abstract

Glycoconjugates are molecules of carbohydrate bonded to other compounds, such as protein and lipid. Forms of these
molecules serve various functions in cell-to-cell communication and cross-linkages between proteins. We have studied the
functional structure of carbohydrate moieties in immunological interaction, tumor metastasis, bacteria infection and so on.

CD10 exhibiting neutral endopeptidase (NEP) activity, is expressed by B-lineage hematopoietic cells as well as a variety of
cells, and cleaves peptides such as cytokines to act for terminating of inflammatory responses. Although CD10 molecules have
6 consensus N-glycosylation sites, three of them are known to be N-glycosylated. In order to investigate the role of N-glycans
in the fully expression of NEP activity, we modified N-glycans by treatment of NALMS6 cells with various glycosidases or
alter each of the consensus N-glycosylation sites by generating site-directed mutagenesis and compared the NEP activities
of the sugar-altered CD10 with those of intact CD10. Although neither desialylation nor further degalactosylation caused
defective NEP activity, removal of N-glycans by treatment with glycopeptidase decreased NEP activity completely. Surface
expression of V-glycan at Asng,-deleted CD10 was greatly decreased as well as it lost entire NEP activities. N-glycosylation

at Asny, is essential for not only NEP activities, but also surface expression.

Keywords: Glycoconjugates, N-glycan, CD10, Neutral endopeptidase (NEP), Liquid chromatography-tandem mass spec-
trometry (LC/MS/MS)
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Fig. 1 Structural formula of two trioses, i.e. aldose and ketose.
a. D-glyceraldehyde. The (+) enantiomer was guessed to
have the configuration on the right and was designated

D-.
2. EELIE b. dihydroxyacetone.
PERI HBE 2 /NN 32 2~ BT, B RSEAK
(=RY~=—) THYH, ZOEHFEICID, Zh 4V T, Faf sz 5o0%5, XKML, KIZHEITE, RO
ZHEL Kidhb. FEHE I, A TTOITE L, HEMIFUIRIC F IO OE (FFEAHE OB L TR EMAD),
DHEMWoT2b Dy 72721, HMENE 4 L —ARKOBEH S H TIVFE Eh7 b rhoEvicE ), “HEEOAF Y —
T, A THLTwEb0hE, ZOEEIINATH S, AWAEL D D75, ESEAEYTREMED 20ARTH D, B
HE [REHSU EOBEFHOR) L FOF v T FL K, I (7373, VKX IELRL) OEVESDDLLE, O
FER)eraFr by bEREh, REKI3 O BIIE T 5, AFY—ZAD—DF N IA—A% T4 v ¥ v —
F)F—ZDZ7)ELTILFE FiZ7V7Fe FE2#S (Fig BHHERTERTE, I FHORFZCINT VT FEEZEEL T
la), Yekue*T 7t b idsr b y#E2H2 (Fig 1b). k BY, UT, C2~C6F Tk FuFyEir—oFomaLTwn
) F—=ADSRERTONT b — A F THAFEHO HPER D LONE L bbb (Fig 2a), BT, aBI¥T ) — 2B
B0, BIIIEREHO6 DAF Y —ABKES 2 OB, & SHRIEE Y S ) — 2B (Fig. 2b) 17X RLTHY,
a BIH337%, BAEIDY63% DL THHREIC R > TVWd, DT
N _ 7 0.01% OFLRFEEORHICOR, TIF P, ®Elz
BREEM SMxTEI0A28H
A T BERUE R 292, TORILHEAALT, FVI—ZADERTTSHZ

25



HEAFETFMERSE Vol.17 2020

Fig. 2 Structural formula of D-Glucose

a. Fischer projection of D-Glucose. |
,,,,,,, i: hydroxyl group.

b. Haworth projection of a-D-Glucose (left) and B-D-Glu-
cose (right). In solution, the both anomers (a and B) are
equilibrium, and interconvert through the open form.

c. Chair conformation of a-D-Glucose (left) and 3-D-Glu-
cose (right).
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Table.1 Saccharides and glycoconjugates.
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Fig. 3 Glycoproteins and glycolipids in plasma membrane.
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Fig. 4 Carbohydrate structure of human ABO-blood type antigens.
The H antigen (:___)) of blood type O is the base oligosaccharide found in all three blood types AB, A, and B.
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Fig. 5 Schematic diagram of N-glycosylation sites in human
CD10 molecule.
*: putative glycosylation sites, but confirmed to be ungly-
cosylated by X-ray crystallography. |} : confirmed to be
glycosylated. N- X i#: amino terminal, C- K% : carboxy
terminal, S: serine, D:aspartic acid, G: glycine, H: histidine

Fig. 6 Characterization of raft protein of Nalmé cells.
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a. Two-dimensional electrophoresis of raft microdomain.
b. Total ion current chromatogram of N-glycans released from NALM-6 CD10.

c1. Carbohydrate structure deduced from MS" spectrum of peak #23 (4122 m/z).

c2. Carbohydrate structure deduced from MS" spectrum of peak #11 (1236 m/z).

NANA: N-Acetylneuraminic acid, Gal: galctose, GIcNAc: N-Acetylglucosamine, Man: mannose, Fuc: fucose, Asn: aspargine
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Fig. 7 Chemical reaction pathway of production of fluorescent
7-amino-4-methylcoumarine (AMC).
Substance(1): glytarylalanyl-alanyl-phenylalanyl-4-methyl-
coumaryl-7-amide.
Substance(2): phenylalanyl-4-methyl-coumaryl-7-amide.
Substance(3): 7-amino-4-methylcoumarine. Ala: alanine,
Phe: phenylalanine.
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Fig. 8 Effects of modification of sugar moieties of CD10 mole-
cules on NEP activities.

a. NEP activities of glycosidase-treated CD10 molecules.
Percentages of NEP activities of the glycosidase-treat-
ed to that of the mock-incubated are shown. 1: mock-
incubated, 2 sialidase, 3: B-galactosidase; 4: sialidase
and then B-galactosidase, 5: glycopeptidase F under
nondenaturing conditions.

b. NEP activities of carbohydrate-deleted CD10 molecules.
[ 1: AMC (nmol) released, [: specific activity. WT:
wild type, A1: Asn,,; N-glycan deleted, A2: Asn,,; N-gly-
can deleted, A3: Asng,; N-glycan deleted.

c. Surface expression by transfected cells with wild type
and mutated c-DNA of CD10. Thin line: back ground,
bold line: CD 10.
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Developmental Education of Physics Based on Physics Education Research

Fi#® E— Shinichi KISIZAWA**

Abstract

An academic field called “Physics Education Research (PER)” has been established in the United States since the 1970s.
At present, PER has shown a huge spread worldwide. The Learning Support Center of the Faculty of Engineering of

Takushoku University conducts developmental education named “Basic Course of Physics”, and the curriculum of this

course is based on PER. When I measured the effect of the class using the assessment tool adopted in PER, it was clear

that students who were not good at physics could acquire the basic concept to some extent.
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Machines and Laughter

—Understanding World Literature from the Sci-Tech Perspective (1)

AHF #Z  Yuji OMORI**

Abstract

The aim of this article is to see how science, technical arts, and technology are generally depicted in terms of their

relations to humans and nature in world literature in a broad sense, including folk tales, myths, comics and movies as well

as novels, short stories and plays. After examining the basic relations between humans, technical arts and nature in 7ree

Little Pigs and Greek mythology, several thematic issues characteristic of the modern technological age, such as science

and happiness or robotization and laughter, are discussed in several works in the 19" and 20" centuries.

Keywords : Three Little Pigs, Rappaccini’s Daughter, The Adding Machine, Modern Times
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BEOHEE —
A Spirit at the Bottom of the Water

aErm AEEMEBR (2)°

—Understanding World Literature from the Sci-Tech Perspective (2)

AHF #Z  Yuji OMORI**

Abstract

Following Machines and Laughter, this article aims to argue how science, technical arts, and technology are generally

depicted in terms of their relations to humans and nature in literature. Particularly in this article, an alternative perspective

regarding the above tripartite relationship is pursued in a Japanese folk tale (in comparison with Northern European stories

of trolls) and Hayao Miyazaki’s animation film Spirited Away.

Keywords: Carpenter and Oniroku, Troll, Spirited Away
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A verification of the learning introduction tools for elementary and middle school students
had been a non-attendance condition on the past

=f& % Takumu TAKAHASHI*
T 5% Yoshiaki KUDO***

Abstract

This paper was a report on a verification of the learning introduction tool for the adaptation class "Yamayuri' with
Takaosan-Gakuen, an elementary and middle school that specializes in accepting students who were in school refusal, located
in Hachioji, Tokyo. The details of the tool consisting of three items have been reported by a previous report.

In first verification, we worked on a scroll action game “Tonton-hashire” and analyzed the results of four subjects in free
study periods. In second, we worked on the game with another item “stamps” pushed as remuneration for achieving the
target for self-study and analyzed the results of two subjects in the same periods.

As a result, we were able to confirm an effect of the learning introduction about the students having a certain ability
for self-study in comparison with the game application when not in use. In addition, we were able to get some suggestion
about the improvement of "stamps" and the importance of the concrete goal setting.

Keywords : School Non-Attendance, Learning Introduction, Social Design
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Report on my Sabbatical Year at the Hong Kong Polytechnic University
=#& #FZ Kunihiko MITSUBORI**

Abstract
I spent my sabbatical year at the Hong Kong Polytechnic University (Poly U). While I studied the nonlinear circuit theory
and the power electronics, I had many social and cultural experiences. This report shows brief introduction of academic

and daily experiences during my stay at Poly U and in Hong Kong.

Keywords : Hong Kong Polytechnic University, Nonlinear Circuit Theory, Power Electronics.
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