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Development of All purpose Mark sheet Reading and Making up System for
Practical Use.

Katsuyuki NAKASHIMA, Kuninori OOSAKI, Takunobu HARA

Abstract.

Recently, the multifunction printers are being introduced for business work at our college. They have the function
of Copy, Facsimile, Printing, Scanner. They are combined to SMB server for common use of all staff of our college.
Recently, the accuracy, speed, stability of these machines are rapidly improved.

On this background, the All-purpose Mark sheet Reading and Making up System was developed. This report would
introduce the principle and functions of this system for all users of this kind work.
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Improvement and its Estimation in Wind Energy Recovering Factor
at the Small Wind Power Generation System

Takemi KAWAGUCHI, Tetsuya TANAMACHI*!, and Seiji YUKIMOTO*2

The appearance of a cut out wind speed is not frequent and also even the appearance of a rated wind speed is fewer, at
the wind power generation system located in the plain where the high wind speed cannot be obtained without
approaching of a typhoon. Under such a wind power condition, therefore, the large-scale wind power generation plant is
not constructed according to the economic reason. However, it is necessary to study the operation scheme of the small-
scale adjustable speed wind power generation system located in the plain, for the purpose of drawing the wind energy
effectively, from a viewpoint of CO2 regulation, environmental protection of the Earth. In this paper we present an

improvement and its estimation in wind energy recovering factor at the small wind power generation system.

key words: small wind power generation system, adjustable speed wind power generation system,
operation scheme, improvement of wind energy recovering factor
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Molecular Weight Measurements of Polyimides by Size Exclusion Chromatography

Takaaki MATSUDA, Kazutaka NAKAMURA#*!, Yusuke TSUDA

The molecular weights of polyimides were measured by size exclusion chromatography (SEC). The number- and
weight average molecular weights of degradable polyamide having ester bond moiety in the main chain were decreased

by using a compost.

Keywords: polyimides, biodegradable polymers, size exclusion chromatography
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The research on the flow of rubber in a two-dimensional internal mixer
— The flow pattern and the distribution of velocities
in sickel-shape zone in front of the rotor blades —

Toyohiko GONDOH, Tetuo MORI, Michiharu TOH*!

So far, the flow state of rubber in sickle-shape zone has been explained by rolling and rotational movement of rubber.
Our results, however, suggest that the flow of the rubber in this region is merely showing the flow pattern. In the sickle-
shape zone, there existed a distribution of velocities consisted of drag flow by the rotor blades and the pressure flow
caused by the pressure difference between voids and rubber. Therefore, the shear flow caused by the velocity gradient of
rubber in the sickle-shape zone is effective for the distribution of rubber additives into the rubber.
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Fabrication and Characterization of Optically Readable Hydrogen Sensor
Consisting of Macroporous Pd Thin Films

Jun-ichi HAMAGAMI*!, Daisuke UCHIHORI*!, Kazumasa TAKANISHI*2
Yuichiro KUROKTI*2, and Masasuke TAKATA*2

Abstract
Macroporous palladium thin film was fabricated onto an indium-tin-oxide (ITO)-coated glass substrate by polymethyl

methacrylate (PMMA) colloidal templating method.

First the PMMA colloidal crystal film was prepared by

electrophoretic deposition process, second Pd was deposited the interstitial site in the PMMA colloidal crystal by

electroplating, final the PA/PMMA composite film was heated to remove the PMMA template.

It is found that the

macroporous palladium thin film works as an optically readable hydrogen gas sensor operated at room temperature.

Keywords: Macroporous Pd thin film, Optically readable Hz gas sensor, Templating method, Electrophoretic deposition

process, Electroplating, PMMA colloidal crystal template
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Fabrication and Characterization of Apatite Coating Films
by Electrophoretic Deposition Process and Heating

Jun-ichi HAMAGAMI*!, Takashi KISHIMOTO*!, and Koumei MATSUOKA*!

Abstract
We have investigated on a fabrication of porous hydroxyapatite (Cajo(PO4)s(OH)2: HAp) ceramic coating with high
bioactivity and an evaluation of its biocompatibility in vitro. The porous HAp coating films were prepared on a titanium
substrate by an electrophoretic deposition process and heat treatment. A biocompatibility of the porous specimen was
examined by in vitro test using a simulated body fluid (SBF) with pH 7.4 at 36.5 “C. An observation with SEM on the
porous sample after soaking in an SBF exhibited bone-like apatite crystal growth and that the porous coating material has
a good biocompatibility in vitro.

Keywords: Hydroxyapatite coating, Titanium metal substrate, Electrophoretic deposition process,
Heat treatment, in vifro test, Simulated body fluid
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FH2THERUEAATE, & 5725Q0L (qulity
of life) DI L 2K 57, MmAEKEEEZETS/NA
AT 7IVICEEY 2 E B K R K G B 73 i 55
BMRESIEFECEETH S,V ELIZ, BHSERIR
E NS HEAEEBL B2 ETRMERLEREE N
THBE TRV, BRISHASINTWS AT
AT HEARICIIAEET /8% 1 b (LR Caio (POs) 6 (OH) 2
FHApERT) O —F g T ESNE=FF A
TS INEHEINTWS, B|E, HApI—FT 1 >
TEELTRT 7 XAERENER E 2> TS,
ER 7Ot A THB-0OHAPD B ELHIER T A4
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57917, EXIKH) (electrophoretic deposition: EPD)
i EBIE Z H WizHApO —T 1 > T ROMERIZD
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SEELLOE 8 200
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HIABATESETMER  METIER
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B EIRELD, 1752 b LEVEECEED
B ZTRBRIERES LT S0, TXIERF
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Fig. 1. Schematic illustration of typical
experimental setup for electrophoretic

deposition (EPD) process.
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ABELETHI LRIV ERLORBHEEZEDS L
HhitB LB ITK S
—RIZATHIZE R SNz L EME 2RI >
752 hLEE, MEEARKREOBEMAmIZEN
TEEUT Y1 MNE (BRSO RBEEEKET
KA RN E2NALT, EEEBEHETIZENH
BENTVND, 207D, MEOEERNEZEYE
E% (in vivod i) 2 Z &75<, in vitro CEEMIS 5F
% & U THHRUAHE (simulated body fluid: SBF) % F 1y
EHENNMESICIDREINTWNS, 19 193BF
ElZ, ADOEEOMmED R 4 BECELI2
HEIIHMEINKBROZETHD, ALHE
ZSBFIZFIERMEBEE S, TORBEITEELY X
Z4 SBEEE NI, TOMEHIEARMIZBNT
HHRAE EEEREATAEERENEMETHS L0
A AT

Z T, FHETIIERKTNEERUBIZE-T
A RIE R 2 ILEKEE T NS =T 1 VTR
ZERT B L LB, BUGHE A Win viroE g
BRI O %217 > e BRICDOVWTHRE T 5.

2. RBAE
217N A4 baA—TFT 1 »UEOEE

EPDIEIC A VS BHBERIIROE D TR L, 7
IS NBA (HAP-300, KELEEZESR) ] g2 T4
J =) (#iEE99.5%, FYEHIEE T IEE) 50 mlF I
L, BEEHE (UT-105S, SHARPHE) % HWTHT
FRMETEIBL-bO2BERE L THWE,

EPDZ ORI TOL D707z, BEEMIC
WEHROF 4 >4 (20 mmX 10 mm X 0.3 mm, #Hi
E99.5%, —F ) EHAL, WHEIZIIAT L AK
EHWE, BEmEEREZI0 mm& Uk, B TFO5HERE
THMHAIZ10 mmX10 mm&E7/25 KDLz, EPD
IEREECER (AB-8150, 7 h—E) 2 HWEEE
JEEIC LD, ERBE V, HFERRE sOLRMHFIC
Tffo/z. EPDI T4, EREMZBERNSWD
HU, =R - RAESHEKTHcig S/, EPD
ETELNZAENE, #HEESE (Fo3lo, < MY
ZHNT00 °C, 28FH, ZERPICTRUIEZITo .

2.2 in vitro £GEMMEHER

ol NTilet o £ ERAME 2 5HET 572012

HHLUEWE (SBF) 2 flWizin viroid B2 ER Lz, &
EETIIETOEMA A BENLSFITREEIITH
XN /=1.5 SBF (Na* 213.0, K+ 7.5, Mg?* 2.3, Ca** 3.8,
CI' 221.7, HCOs™ 6.3, HPO4?- 1.5, SO4> 0.8 mmol L!) %
iz ERI X N - 5A B 236.5°C TpH 74ICH%E S
N7-1.5 SBFRIZ1 HEEE S B .

2387l F v o5 U -

VBB S N 7= BB D 4 BE & A A O RIFEICIE,
X#EEH7 (XRD) ¥ @& (MXP3VA-B, ¥w ¥ L
28 2 H iz, XRDIE, X#HEE L TCu-Koiiz A
W, BEFE4OLV, EEBRIOmA, AFy AE—F
4 min'OFEHF T TREZIT- /2. 728, XRD/INY—
> D — 7 OFEEATTIZICDD (International  Center
for Diffraction Date) I — R &2 W TiT> .

ABHCEENLEREZRET S 2DIZT7—
TZHFRINV YL (FT-IR: FT/IR-230, JASCOHY)
ERWTOHR L, B, F-IROBEICEKBrEE
Huiz,

AR R OMM S OBZICE, EARETEMY
%% (Scanning electron microscope: SEM) (S-2380,
HITACHI®Y) %MWz, IEEEEIZ20~25kvE Lz,
B, WwEEOREZSEMBET A3, BTH
BEICXDRBERADOF ¥ -7 v T 2H<D,
BEANCB BRI R )\ ¥ EE (SC-701, ¥ 21—1)
ERWTEE2boNCDIHEEL .

3. REBRRUER
3.1 REHMHOF S oS UE— 3

EPDF Ot AICBWTRIFRI—FT1 2T EEE
REEB0ITIE, EPDICHWVARITOH 1 0K,
BEUBBEROERMREZFET S EMNEHET
H5, EACEPDF O RICHAWE @) 7851 b i
FKEWB) T O EFEETOSEMERE#7RT . H2(a)
£0, TINFA MIFIEHA A0 UmA 550 pm#E
EORKROBER FTHAZ EMtbhoT, iz,
H2(b) &P, EEERELTHWZFY &ROE
EIZ I pumE E O RIRIIEET 5 B O O LBk E
WhEmz2bDOERTHAENbhoik.

Kiz, HBEMROF+ S FUE— 3 2 &XRD
EFTIRZHWTHHT Lz, ERBICHERETHD T
ISF A PRIT® (a) XRD/N Y — > & (b)) FT-IRA X
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Fig. 2. SEM photographs of starting
materials for the EPD process: (a) apatite
powders, and (b) titanium substrate.
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X4 (a) ICEPD#EZ AW TERIZ M- 0 BEE %
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Kri3afmpic#gLi-2&ns, T8 -V EE

HAp (ICDD #9-432)
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Fig. 3. (a) XRD pattern and (b) FT-IR

spectrum of the starting apatite powders.

BRIZBWTTZNY A PRETFRERCHELTWSZ
Ebipojz, £, EREICHBEL TWAKTFO
B X120 ymBL FTH o= (K4 b)), Zhid, H
FMEDIS0 umPREE D HLERAYA Z ki ¥ (K2 (a)) &
EANTWAIERZEZXDE, EPDEERRB KDY
ARXERT—UTTR9RNRHDILE2RBT S
HDTH B,
EPDETIER I NAHB OXRD/INY — 2 5,
ICDD /71— ENo. 9-4320DHAp &No. 44-1294DTilZ I
BEEhsE—rBkHEaniz(Ke@). £/, FI-
IRZAZ MVnG, HApDPOS 12, OHA F >,

Fig. 4.

(a) Photograph of the sample
prepared by the EPD process and (b) SEM
photograph of the surface of the coating layer.
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Fig. 5. SEM photograph of the surface of
the coating layer after heating at 900 °C.
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Fig. 6. XRD patterns of the samples (a)

before and (b) after heating at 900 °C for 2 h.

(b)

Transmittance
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Fig. 7. FT-IR spectra of the samples (a)
before and (b) after heating at 900 °C for 2 h.

BEUCOZITF P IREE N AHBUN > RAtkH
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EhB, EPDT Ot ZZEE KO BHBE LT O
BT ICEERZIEIRW I EbhoT, §
72H B, EPDIZ AWK T & HER I RE R OB T

HBILY ) =) ELERICRIEET, BRIFENIC
HBRELTWEVNEWR B,

3.2 EPD O—F 4 Y ¥ EOHLE

EPD#% O #2530 EHT B 1T 2 HRDRI TR B L R EAR
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H—2 EFTIRANRYT R IVDE Z2{To 72,
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BALTF & > (Tiop) IZRE S 5 — 7 Skt S hiz,
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MEL<RY, ISIEKRELUTHWATINEZHRT
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HNd. B, TIONIEEAEEMEE L THSR
T3,

BNEFIRICBIT DB OFT-IRAR Y LD
BEENRT, BLEROREOA S BV (7 @)
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ART BIZBWT, 3500 e’ IR Ehi=7
O— R7z0H (WEK) KRB N2 - BED L,
3570 em MHEICOH ICIRBE N A — 7 hiiiaEh
yra

EUNBEFT# OB OXRD EFT-IROFE RN 5, #4
NIRRT OFENTREESHKEET /N5 1 R ThH o7,
900 ‘CDEALERIC X D HAp#E & T/ S IR A3
HRITKEBET NS A MCBGRI NI LN E
e

T, ZALEMCLEREREZEET S DICHE
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300 CHELTV700 CHHETEEBM/DIEE 2 &48
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3. 3 in vitro AR T

IR OHApZ FLEE % 1.5SBFIZ 1 H R X
BB EZAOSEMEE2MSIZRT. Zhi&D,
SBFiZ{HRT (M5) DZ LB EMPBRELIEE LA
20, TOREVHMZSHAERETEDN TV SE
FHREE XN, XRDEFT-IRO RN S, &
O EHEUDO KRB EEKETNYA FTHD
ZEbholkz., —4, ERICAWEFY 2 £BD
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BAKETY N1 bad—F 1 > T IENEPDIE & L
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5 um

Fig. 8. SEM micrograph of the surface of
the porous HAp coating film after soaking in
1.5 SBF for 1 d.
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The Hopf invariant of a map over B

The Hopf invariant of a map over B

Michihiro SAKAI

We give a Hopf invariant in the category of fibrewise pointed spaces over B, which is a natural extension of the ordinary

one.

1. INTRODUCTION

The concept of homotopy groups is to classify homo-
topically the pointed maps of an n-sphere S™ into a given
space X. The homotopy group is denoted by m,(X). The
group m,(X) is related to the homology group H,(X)
refered to the Hurewicz homomorphism:

Cn s ma(X) — Ha(X).
In the case X = 8™, the Hurewicz homomorphism ¢, :
ma(S™) — Hn(S™ Z) is isomorphic and 7, (S") = Z. It is
easy to see that m(S™) = 0 (k < n). In 1935 Hopf[?] gave
the homomorphism

H: 71“3(52) - 7

and obtained that m3(5?) is an infinite cyclic group. After
that the homomorpism

H 7r4ng1(52n) —Z

was constructed and the element H([f]) was called the
Hopf invaiant of f which is a homotopy invariant. Let us
consider the following short exact sequence:

Z) L Hk(SZnUfD4n; Z} & Hk(SQﬂ;Z
, where i* and j* is a homomorphism induced by the
inclusion map i : §%* — 52" U; D*" and the quotient
map j : §2"Up D" — §2°Uy DA™ /G2 = §47 respectively.
Let 8 € H2(S?™,Z) and t € H>*(§*";Z) be generators
respectively. Then the Hopf invariant of f is the integer
uniquely determined by

(82 =H(f])-¢

, where ' and ' are elements such that ¢’ = j*(t), i*(8')
= . The following property is well known:

Theorem 1.1. Let f, g : §°~1 — 52" be maps repre-
senting elements [f], [g] € Tan—1(S*).

(1) If f and g are homotopic, then H([f]} = H([qg])

(2) H(lf]+[s]) = H([f])+H([g])

Next we define the category Tcp‘g of fibrewise pointed
spaces over 5.

0 — H*(s*"; ) =0

Definition 1.2. An object of the category Topg 18 a pair
consisting of morphismsp: E — B ands: B — E of Top
such that pos is the identitiy map idg : B — B, which
are often called a projection and a secion, respectivery. A
morphism between (p1:E1—B, s1:B—E,) and (p2:Es —
B, s3:B—E,) in TopZ is given by a map f : By — Es
together with commutative diagrams given as follows:

El 4__{_>. E‘z1 B
B E, E.
EK19FE 8 H20H

Copyright 2007 A‘%KI%%%@F%?B?

Example 1.3. Let p : E(§) — B be an n-dimensional
real vector bundle with section s + B — E(€) given by
s(b) = Oy for each b € B, where Qy is a zero vector in
p~1(b) = R". Then p: E(€) — B is an object of Top}.

Definition 1.4. Let f and g be morphisms in Topg,
Then f and g are called homotopic in Topg if there exists
a homotopy hy,t € [0,1] in Toph with ho = f, and hy = g
such that hy is a morphism for any t € [0,1]. A ﬁbrewme
pointed homotopy relation over B is denoted by ~5. The
fiberwise homotopy set of the fibrewise pointed maps of X
into Y over B is denoted by wB(X,Y).

Let £ = & & e? and n = 1’ & €2 be real vector bundle
over B with dimn > dim& > 1, H*(—; R)-orientable.
Then we obtain the following:

Theorem 1.5. Let S(¢) — B and S(n) — B be associ-

ated sphere bundles over B. Then there exists a homo-
morphism

Hg : w5(S(n), S(€)) —

which is an extension of the ordinaly Hopf invariant, where
R is o commauttive ring with unit.

Hﬂ(dimf—l)—dimn(B; R)

In this paper we say the notation used in the category
TopB. Let X and Y be spaces over B. For a fibrewise
pointed subspace A of X over B, let X/pA denote the fi-
brewise quotient space. The space X VgV is the fibrewise
wedge sum over B which is a subspace of the fibrewise
product X xpg Y over B. The fibrewise smash product
over B is defined by X AgY = (X xgY)/pg(X VpY). In
particular, 2B X = (S* x B)Ap X is the fibrewise reduced
suspension space of X. We denote by X #3Y the fibrewise
join over B. CEX denotes a fibrewise cone space. The fi-
brewise mapping space over B is denoted by map8 (X, Y).
In particular, Q8 X = mapB (S x B, X) is a fibrewise loop
space. We denote by Ag : X — X xp X the fibrewise
diagonal map over B and Vg : X Vg X — X the fibre-
wise folding map over B. We denote by cg : X — Y the
fibrewise constant map over 5.

2. CONSTRUCTION OF THE HOPF INVARIANT OVER B

Let pe : E(§) = E(¢'®€*) = B, pp: E(n) = E(v' &
€2) — B be real vector bundle with sections s¢, s, defined
by se(b) = (D, (1,0)), 8,(b) = (Qy, (1,0)) for each b € B.
Assume that dimn > dimé > 1 and &, 5 are H*(—; R)-
orientable. Consider a CW-pair (S(£) Uy D(n), S(£)) for
the map f : S(n) — S(&) representing an element [f] €
7E(8(n), S(€)). Since an inclusion map i : S(€) — S(§)Us
D(n) is a fibrewise pointed cofibration, ¢ : S(£)/s(B) —
S(€) Ug D(n)/s(B) is a (in the ordinaly sense) cofibra-
tion due to the result of Smith[?]. Set H™(X,s(B);R)
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by HE(X). Then we obtain the following long exact se-
quence:

2 BMT () B HE(S©)Ur D(n) = HE(S(E) % -
In general, H5(X) and morphisms between them have
the following properties.

Proposition 2.1.
let us define the scalar multiple A -z € Hp(X) by
Az = d*(pi(X) x z). Then Hj(X) becomes a
H*(B)-module.

Leti: (4,s8(B)) — (X,s(B)) and j : (X,s(B)) —
(X, A) be inclusion maps respectively. Then in
the following long exact sequence, the induced ho-
momorphisms i* @ HE(X) — Hg(A) and j* :
H*(X,A) — HE(X) are H*(B)-homomorphisms.
Moreover so is the connecting homomorphism § :
Hy(A) — H*(X,A) = H**t1(X/A) up to the
signature, precisely, 6(X - x) = (=1)%82\ . §(z)
for each A € H*(B) and z € Hg(A).

S ER Ay D EE () S EEA) S -
Next let us determine the structures of HE(S(€)), H*(T(n))
and HY(S(€) Uy D(n)).
Proposition 2.2. In the following long exact sequence,

let B(€) be an element such that §(B(€)) = t(€), where t(£)
is a Thom class of €.

o

- & HE(D(®) iﬂg(g(é)) L e S -

w
Bg) +—  tE

H*(T(n)) is a free H*(B)-module generated by <
t(m) >,

(2) Hp(S(€)) is a free H*(B)-module generated by
< Bg) >

Proof. (1) Let a homomorphism

, : HY(B) — H*Hm (T (n))
be given by

@, (A) = d"(pp(A) x t(n))

, where d* : H**4mn(D(n)x D(n), D(n)xS(n)) — H**+dimn
(D(n),S(n)) and p}, : H*(B) — H*(D(n)) are homomor-
phisms induced by the diagonal map and the projection,
respectively. Since 1 is H*(B)-orientable, ®, is an iso-

morphism. Hence for each = € H*(T(n)), there exists an
unique element A € H*(B) such that

B,(A) =d"(p(A) x t(n)) = =

, namely z = X - t(n). This implies that H*(T(n)) is a
H*(B)-module generated by < t(n) >. Let A-t(n) =0,
then ®,(\) = 0. Since ®, is a isomorphism, A = 0. So
H*(T(n)) is a free H*(B)-module generated by < t(n) >.
(2) Let us consider the following long exact sequence:

L H(D(©) S BE(S(€) & AMTE©) 5 -

(1) For A € H*(B) andz € Hp(X),

Since D(€) and s(B) are homotopically equivalent to B,
HY(D(£)) = 0. This implies that the connecting ho-
momorphism & : HE(S(€)) — H*(T(£)) is an isomor-
phism. Since H*(T(£)) is a free H*(B)-module generated
by < t(£) >, Hp(S(€)) is a free H*(B)-module gener-
ated by < B(£) >. In fact, for each z € HE(S(€)),
there exists an unique element A € H*(B) such that
8(z) = A t(€). Since §((—1)%€A . B(£)) = A-t(¢) and
§ is an isomorphism, x = (—1)%8*. 3(£). Let A- 3(£) = 0,
then §(A- B()) = (—1)%E X ¢(€) = 0. Since H*(T(£)) is
a free H*(B)-module, A = 0. O

Proposition 2.3. In the following short exact sequence,

let i*(3'(€)) = B(E), j*(t(n) = t'(n), where t(n) is a
Them class of 1.

)

0 —‘%ﬁ*k(g(m) 2 HE(S(€) Uy D) S HE(S(E) S0

w W
£(n) tm, B — B®

Then HE(S(&)UsD(n)) is a free H*(B)-module generated
by < B'(€), #'(m) >

Proof. Let us consider the following exact sequence.

—%

L HE (D) S HE(S() S B (T D -

Since §(8(€)) = t(§) due to the proof of Proposition 2.2(2)
and ¢(€) € HI™E(T(£)), we see that B(€) € HA™1(5(¢)).
Next let us consider the another long exact sequence:

L HE (80U D) S HE(S(©) S B (T(m) D -

Since H*(T(n)) is a free H*(B)-module generated by <
t(n) >, there exists A € H*(B) such that 6(3(£)) = A-t(n).
8(B(8)) € HI™E(T(n)) and A - t(n) € HY=M+dimn(T(p))
imply that dimé& = dim A + dimn. Since dimé < dimn,
dimA < 0. So we see that A = 0. So d : H§(5(¢)) —
H*t1(T(n)) is a zero map. Then we obtain the following
short exact sequence:

0% B*T(n)) > HE(S(E) Uy D(n) S HE(SE) S0

, which is split. Let 8(€) € Ha™(S(€) Uy D(n))
and t'(n) € Hg‘“”(S(&) Uy D(n)) be elements such that
*(8'(€)) = B(), 5*(t(n)) = t'(n) respectively. Since
AYim&~1(T(n)) = 0, we see that 7* : Hg‘mé_i(S(g) Uy
D(n)) — Hgimé_l(S(E)) is an isomorphism.

0L HE™E1(S() Uy D)) S HEmENSE) S0
So there exists an unique element 3'(£) such that ¢*(§'(£))
= ((£). This completes the proof. O

To constuct the Hopf invariant in the category of fibre-
wise pointed spaces aver B, we need the following prop-
erty.

Lemma 2.4. Let 3(§) be the element obtained in Propo-
sition 2.3. Then

B =o.
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Proof. Let us define a firewise co-multiplication m : S(£) —
S(€) ve 5(€) by

m((ep, (cosf,sinh)))

((ep, (cos26,sin 26)), s(b)) (D<A < m)
(s(b), (ep, (cos26,sin28))) (7w <0 < 2m)
, and let
a: (S(§) Ap 5(€),s(B)) — (S(§)/s(B) A S(§)/s(B), )

be a map defined by
a([(ev, ep)]) = [(les]: [et])],  (es,€t) € S(€) x5 S(E).

Then we obtain the following commutative diagram:

Then,
B(E)* = d"(B(€) x B(E))
C =d'q"(B(E) x B(E))
= (i20d)"q" (B(£) x B(£))
= d"izq" (B(€) x B(E))
=d'(goi2) (B(€) x B(E))
= d"(a 0 gB)"(B(£) % B(£))
= (i1 0m)"gha’ (B(€) x B(E))
=m"iigpa’ (B(E) x B(£))
0.

O
Again let us consider the following short exact sequence:

0 LEMT() S HE(S(E) Up D)) S HE(S(€) S0
w W W

t(n) ek B8 = BIE)
Since B2(£) = 0 and H4mE-1)(5(£)) = 0, there exists

—

(S(€)/5(B) A S(£)/5(B), %) @ (5(6) As S(6), (B)} an unique element A € H2dimé-1)~dimn(p. B) such that

q 9B

(S(8) x 5(£), 5(€) x

d i1

m

(5(8),s(B)) (S(€) vB 5(§),5(B))
, where i1, i are inclusion maps and g, gz are (gp is fibre-
wise) quotient maps respectively. Moreover we see that
i1 om and a diagonal map d : (S(£),s(B)) — (S(£) x5

5(£), s(B)) are homotopic.
(S(6) x5 5(£),s(B))

.

(S(6),5(B)) —— (S(€&) VB 5(¢),(B))

In fact, we may define a homotopy H : S(£) x [0,1] —

5(€) x5 S(€) by

H{(es s))

((ep, (cos b, sinf),
B {((eb, (cos afl, sin af)), (e, (cos bf, sin b))
M

(0<

(0<

6 <)
6 <)

)
(es, (cos cfl, sin cf)), (ey, (cos df, sin df)))

, where af = (1 — 3)0 + 256, b = (1 — 5)6, cf = 2ws +
(1-35)8, d=25(0—7)+ (1 - s)b.

Since 1 : S(€) Vg S(£) — S(&) xp S(£) is a fibrewise
pointed cofibration, i : S(&) Vg S(£)/s(B) — S(£) x5
S5(£)/s(B) is a cofibration in the ordinaly sense due to
Smith[?]. So we have the following long exact sequence:

- 5 HE(S(©)AsS(€) B HE(S(E)x55(6) 2 HE(SEVSE) S -

(A'(£))% = X - t'(n). Hence we define the Hopf invariant
over B as follows:

Definition 2.5. The element \ € HXdim{-1)-dimn(p. Ry

s(B)Us(B) x S(£)) <=— (S(€) x S(&), s(B)) uniquely determined by

(B'(€)* =x-t'(n)
is called the Hopf invariant over B of f and denoted by
Hg(f). A morphism

Hp : m(5(n), S(€)) — H*(B; R)
defined by Hg([f]) = Hp(f) is called the Hopf invariant
over B.

3. PROOF OF THEOREM 1.5

Let us define an addition in mapB(S(n), S(¢)) as fol-
lows:

Definition 3.1. Let f, g be elements of map5(S(n), S(£)),
then their sum f + g is defined by

£ ) fles, (cos 260, sin 26))
Pyl (pon By i g]) = {g{eb, (cos 26, sin 26))

for each (ep, (cosf,sinf)) € S(n).

(0<o<

Since the fibrewise pointed homotopy class [f + g] de-
pends on the classes [f] and [g], we can define an addition

in 75 (S(n), $(¢)) by
(f1+ (o] = [f +g]-
To show that Hp is a homomorphism, we need to define
the following maps. Set z = (ep, (cos6,sin#)). Then maps

¢ 2 85(8) Urig D(n) — S(€) Usvpg (D(m) Ve D(n)) and
¢ T(n) — T(n) v T(n) are defined by
(ep, (cosf,sind)) (z € 5(8))
od(z) = 4 ((ep, (cos 28,sin 26)), s(b)) (:.c eD(n), 0<f<r
(s(b), (en, (cos28,sin28))) (z€ D(n), 7<6 <2
e = [(es, (cos20,5in26))],+) (0<8 <)
(%, [(en, (cos 20,sin260))]) (7 <0 < 2m).

m)

(m <6 <27)

)

m)
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Then we have the following commutative diagram:
0 0
id
s(e) : 5()
% i
H.E{f(é)) id Hé(uf(ﬁ})
[}
§(€) Uptg D(n) — S(£) Upvag (D(n) Ve D(n)) e .
" y i* T
i Hp(S(€) Usvae (D) VB D)) 4+ HE(S(E) Ussy Dim))
w
T(T}) T(n) ¥ T(n) BI(&), ti(m), thim) B'(e)l'.ut’(r:)
, where ¢q and ¢’ are quotient maps. Next let us determine @ o
the structures of H*(T(n) V T(n)) and HE(S(£) Upvag
D(n) Ve D(n)). - .
H*(T(n) v T(n) ()" H™(T(n))
Proposition 3.2. (1) B*(T(n)VT(n)) is a free H*(B)- ﬁf(t(n))l.vpﬁ(t(n)) i
module generated by < pi(t(n)), p5(t(n)) >, where
p1, p2 : T(n) VT (n) — T(n) are the first projec-
tion and the second projection respectively
(2) Let ' and i be maps in the above diagram. Then 0 0

HE(S(8) Upvag D(n) Ve D(n)) is a free H*(B)-
module generated by <t} (n), th(n), 8" (&) >, where
ti(n) = (@)'pi(t(n)), ta(n) = (¢')*p3(t(n)), and
3" (£) is an element such that i*(3"(€)) = p(£).

Proof. (1) Let us define a homomorphism p* : H*(T(n))®
H*(T(n)) — H*(T(n) v T(n)) by

p*(z,y) = pi(z) + p3(y)-
Then one can easily see that p* is an isomorphism. Since
H*(T(n)) is a free H*(B)-module generated by < #(n) >
by Proposition 2.2(1), H*(T(n) v T(n)) is a free H*(B)-
module generated by < pj(t(n)), 25 (t(n)) >.

(2) It is proved by the similar argument with the proof of
Proposition 2.2(2), O

We see that p; o ¢’ and id are homotopic. In fact we
take a homotopy H : T(n) x [0,1] — T'(n) by

H ([es, (cos8,sin )], t) =
[(es, (cos(tf + (1 — £)26),sin(tf + (1 — t)28)))] 0<O<nw
[(es, (cos(td + (1 — t)2m),sin(th + (1 — £)27)))] =<6 <27

Similarly one can verify that pso¢’ and id are homotopic.
So we have

(") (pi(t(m)) = (&) (p3(t(m)) = t(m).
Therefore we obtain the following short exact sequence
similarly to the proof of Proposition 2.3.

Since i*(8"(£)?) = B(£)? = 0, there exist elements z; and
zo of H*(B) such that

B"(€)* = 1 - ti(n) + 22 - ty(m).

By the above diagram, we obtain the following:

¢*(8"(€)*) = B'(&)

Hp(f+g)-t'(n),
z10*(t1(n)) + 220" (t5(n))
(z1 4 z2) - t' (7).

¢" (w1 - t1(n) + 72 - t3(n))

Il

This implies that ¢*(Ha(f+9)-t(n)) = ¢* ((e1+22)-t(n)).
Since ¢* is a monomorphism, we have

Hp(f+g)-tn) =

H*(T(n)) is a free H*(B)-module generated by < #(n) >
Hence

(z1 + z2) - t(n).

Hp(f+g)=x1 + 2.

Next we show that Hg(f) = 21 and Hp(g) = x2. Let
us define a map ay : S(€) Uy D(n) — S(€)Upy e (D(n)VE
D(n)) by

(z € 5(8))

I
T (@, s) (=€ D))

Let i3 : T'(n) — T(n) v T'(n) be a first inclusion map.
Then we have the following commutative diagram in an
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analogous way as above.

0 0
Hz(5(6)) id Hg(S(€))
w w
28 1G]

Hp(S(¢) UfVBQLED(T]) Ve D(n)) o

Hi(5(€) LfJqu D(n))

B'(€), th(n). th(n) 8'(&), t'(n), 0

(¢") q"
24 *(T(nu)) v T(n) i H*(T(n))
I (t(n)). p3(t(n)) t(n), O

o

Since i* (3" (£)%) = B(€)? = 0, there exist elements z; and
x9 of H*(B) such that

B"(£)* = 21 - 11 () + m2 - t5(n).
By the above diagram, we obtain the following:
i (8"(€)%)
=g
= Hp(f) -t'(n),
o (z1 - t1(n) + a2 - ta(m))
- (t1(n) + 22 - o (t5(n)

— -'1?1
-a1q"pi (t(n)) + w2 - o1q"p3(t(n))
(¢')"i1pi (t(m) + 2 - @7 (q') 4IP3 (t(n))
(@")*(t(n))
-t'(m)-
Hence we have Hg(f)-t'(n) = x1-t'(n). This implies that
¢ (Hp(f) - t(n)) = ¢* (=1 - t(n)). Since ¢* is a monomor-
phism, we have

Hp(f) - t(n) = =1 - t(n).
H*(T(n)) is a free H*(B)-module generated by < t(n) >.
Hence we obtain that Hg(f) = z1. In a similar way, we
have that Hg(g) = 5. This completes the proof.

=_’L‘1
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The Weight Ratio of Clubs (Rackets, Bats) to Balls in Various Sports.

Hidetaka MYOKAN

Abstract

The primary purpose of this study is to look at various ball games using both balls and ball-hitting tools such as clubs,
rackets and bats, and investigate the weight ratio of the balls to their tools. In this study, 18 kinds of commonly played
well-known sports are examined. Those 18 kinds were categorized into four groups: (1) baseball-type, (2) tennis-type, (3)
golf-type, and (4) others, according to the weight ratio indexes of the clubs (and others) to their balls, which were
calculated by dividing the weight of the clubs (and others) by that of balls. It may safely be assumed that if the weight
ratio of a certain sport is lowered by 60 to 70% toward the baseball-type ratio, it would become a more competition
oriented sport which requires players to have considerable level of agility, techniques, and power, whereas if raised by 60
to 70% toward the tennis-type ratio, it would be aimed at everyone. From these findings of this research, it is also be
possible to draw the guidelines which help devise an ideal "new sport."

1. #&

[l

BETF1—DR—=I - N—=2T)N7 +« IZFRAEVNSE/NFESERE CTHORLTHEIZE LS LS
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REREDEDHBAR—Y « FEAF—VELTERAZINEZOLTNVS, Tk, FHreBAR—YiItkL &
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3. BRLEER
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On the Hopf invariant and its extension

Michihiro SAKAI

We give an explanation for the Hopf invariant and introduce the extension of it.
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