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Bifurcation Theory for Solutions of Differential Equations

Minoru Hama

We summarize here bifurcation theory for solutions of differential equations along an excellent book

by Masuda [11]
(Keywords: bifurcation, differential equation)

1 i

COWEETIE. XY 2T uNER, Q% X ORAOEEET5, Al A2 ()\1 < )\2)
X BNEERE L.V = (A, A2)xQ C RIXX E5<, SBIT. TTDA € (A, A)
IZRLT

f(A,0)=0 (1.1)

EHETEGESR fV —Y PEZLATVWDLETD, Z0EE, VADEZ LN
A (X, 0) DEFET, HREEX

Fz) =0 (1.2)

2 (Mo, 0) DI OfRZ T D DA EE 2 5,

& 1.1 EEO > 01T LT, (1.2) O (A, z) €V TA=Ao| <e D0 < |[lz]| <€
BHETHORFEETDHEE, A= N 2HEX (1.2) OHBER LV, FiZ, £EO
e>0IZRLT, f(h,2) =020< ||z]| < e &HRTET e QBRFETDHEEZ. A=Xg
#HEX (1.2) OBERSIER LV,

Bl 1.2 A% nKREEFTH, f:R'xR* — R" %
f(\z) =Xz — Az . (1.3)

CEBSNEBBERR LTS, 0LE, AR BFER (1.2) OHEATH B 7D
@##i AR ADEEETHEZETHD, HIZ. A€ R 2 A DEAETHIIE
N EFER (1.2) OEERSEATH B,

2 &
TE 21 —MC. SFUAZER X BT v TR Xy ~OBIBER g I3t LT,
Ker(g) = {u € X1;9(u) = 0} (2.1)
= {g(u) € XQ;'U: « Xl} (2.2)

* T L2
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LBE, ZRTh g OZEM, BERLV I,
F7o, Mzo € Xy KR LT, Xy 225 Xo ~OHEFMBIERR T BHFELT

i 19() =~ g(zo) = T(z — @)l _ (2.3)

@0 ||z — ol

MEOIIDEE, glidR oo TV VY= FRETHDIEVDI, ZOLE. T Zrx=1x0
WZBITD g DT LYy E VN, T = g, (z0) RELEL, g » X; DRES D LOT
N‘T@,r.—if‘7 VxS TRETHDEE, gl D ETT VIV =WMATFRETHD LD,

3 SDURER |
WML, Mo € (M1, A2) B8 (1.2) DRIERTHD 2D DLEFMGEEZ D,

@8 3.1 ([11]) FIX CL|ET B, TDL & X € (A, Ag) 28 (1.2) DI RL B
fe(X,0) X X 2B Y O LE~D 1R 1EBRTIER,

ROFEEIL, Ao € (M1, A2) 2 (1.2) D5 IR TH DO D+HEMEEE5 2D,

FE 3.2 (Vv T—/ 7223y kg1l]) BB fITCHRT, f & R € (M, )
RO A DDREERIZT & T 5,

frg DEELT, V LEAZE / VA TERTH 5,

dim Ker(fz(Xo,0)) =1

R(f2(00,0)) RAKTE 1 OBEHZMETh 5,

Fa(Xo,0)[zo] ¢ R(fz(X0,0)) EWi7=T z0 € Ker(fz(ho,0)) BIFET 2,

S5, X I2BF 3 Ker(fo(ho,0) DHZEME Z 35, Z0&&, R x X (2B

% (X,0) DEBE VoV &, FAZELRM I & I LTER SNz REEEGEEL

A= A(s) TA0) = X 27T HbOEELIC LT, f(A2z) =0 2T R (N\z) eV
ST, 2 00K

Iy = {(\(s), smo + s2(s)); s € I} ‘ (3.5)
IPES {(’\70)1 ()‘70) € VO} (36)

DEBETLUTy & —%T 5, 22T, z2=2(s) it I ECEHESN, 2(0) =0 2T
7 EEGEERCh D, SbIT. feCP(V,Y) (p>2) 25IE, As) & 2(s) ix CP~' #&
DHLDOD LD,

FH 3.3 (V5R/ILARE—;[11], cf.[2][8]) Y =X &L,

fOyz) =2 — (po+NTz+g(A ) (3.7)
po # 0, po € (A1, A2) (3.8)
TiZ X 5 X ~OfRFlar s FNEH (3.9)
g\ z) 1TV b X ~OEfER =T M ER (3.10)
g(A\,0) =0, g\ z)=o|z| (+7 0 2V A oW T—HRIZ)  (3.11)
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LB, ToEE =02 (1.2) ORBEETHIE, 1p 13T OPEEETHD, #
Iy 1pe 5T OEFEETHY. ZOZEE (cf.[3][4][11, p.62]) BPHFEKZLIE, A =0
X (1.2) ORIERTH B,

4 SURIRFRO A
# 4.1([11]) R! xRZ "5 R2 ~DEH

o= n]aln] [ 2] (=]2) @

. hwm=[1;A18A} (4.2)

ChHEND, ME L LD, A BHBARLIE N =1 1CRB, LZAT, L (1.2)
RELD ST BIE, f(Az) DERSB 0 THBHIE LD,

zo{(1 = Ny — 223} — 21 {(1 = Nz + 243} = —(z1* 4+ 22Y) =0 (4.3)

EER D

BELNBENEG, 1=0, £oT. Ao =1 DA TR,
#l 4.2([11]) R! x RZ »b R?Z ~DE5#

o=zl ] ER]) e

BEZX D,

F2(1,0) = { 1? 1_0%} (4.5)

ThoHPD, ME3L LY. A BHEEREDIE =1 23 A =1/2 IZRD, #HIZ
ToLE, FPHELOEALEERHEICIVER 3.2 D4 0DFEETRTHMIIND
TENHERTEAND, INHITE LIIHEETH D,

il 4.3([11]) HEHWoHEXOEFEME

u + Mu+ov@?+0%)} = 0 in (0,1) (4.6)

o+ Mo —u(@+0H)} = 0 in (0,1)

u(0) =u(l) =v(0) =v(1) = 0
EEZD,

X = {[z}WWGC%MH%M®=UUFMMD=MU=O} (4.9)
Y::{{ZLMUEQMH* (4.10)

R u + v(u? +v?) | u
o - [2]o[rrmed] (@-[2]) e
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wy" + Awy wy

. — . 2
'wzﬂ-f'}\u& :I (W { wo :|) (4 1 )
ThEM5, fu(\0) 250 ZEAEMCLODIX, EREHLY A=n?r? (n=1,2,3,--+)
DEXIZRSE, LT,

Ker(fy(n2n2,0)) = {a [ sin s } +ﬂ{ 0 } T R} (4.13)
0 sinnt

< SEPIN

fU()" 0)[W] =

L7255, dim Ker(fy(n?n2,0)) =2, £-7T, EHE 3.2 DM (3.2) BTz S 720
DT, A=n?m2 BRIERTH2D EITHETERY, EE, (4.6)-(4.8) L9,

1 1
/ ((4.6) DI x v — (4.7) DED x u} dt = A / (W2 402)2dt=0  (4.14)
0 0

ERBMPBANA0DEXTEARMBLIFEELR, —H A=0DLE D, (4.6)-(4.8)
FVu=v=0Th?b, LEB>T, HEAEFEELR, '

Bl 4.4([11]) FEHoHHFERNOEFERE

g’ + Asinz = 0 in (0,1) (4.15)
'(0)==z(1) = 0 (4.16)

DOEHETRVEDEEILOWT, DIEEmEANWTELD, £7.

X = {u € C*([0,1]);'(0) = u(1) = 0}, Y = C([0,1]) (4.17)
fOz) =2" + Asinz (4.18)

LEE, fRVXX — Y THY,
fo(h2)lu] = u" + Mucos (4.19)
L,
fa(X, 0)[u] = u" + M (4.20)

Thd, Thd 0 ZEAEICHFODIE,

(2n —1)272
4
DEEICBRD, LoT, FRUSND N IZTHOWTILER 3.2 OFEM (3.2) ITBWT A &
NCEXBRITSDOIEKY IR, T2 T, EH 32 EAVWTHRRERTLE, £
DRI N, P ThB, TNORPBETHE I EE2RTREDIC, EH 3.2 D420

S&ME% 1 HOTOWND TN, FT. (3.1) DAL,

A= = (R=1,2,3,---) (4.21)

Hre(X,x)[u] = ucosz ' (4.22)

KX VRGN, Ei,

(2n —1)m

ot (4.23)

¢n(t) = cos
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e L,
Ker(fz(An,0)) = {adn(t);a € R} (4.24)

THHPDB, (3.2) ITBWT A & N\, KEEBZTZODBEIL, —FH, VJ—R ¥V
F—DRREHR (cf.[8, F 11.31]) L1,

R(fs(n,0)) = {ue Y / dt =0}  (425)
THDHPD, (3.3) IKBWT A & N\, ICEEHATZOD UL, &EIT, on 1T
Fre(Aa, 0)[dn] = én ¢ R(fz(An,0)) (4.26)

B TAE. (34) BT A & Ay KESHBZZBOBEI, LER-T, EE 3.2
ED A (n=1,2,3,) RREATH S,

Bl 4.5([12]) KOEMLSFRRNOFENMEMEELE 2 5.

" + R+ — Mu+ k@ +dP)u} = 0 in (0,7) (4.27)
u(0) =u(r) = 0 (4.28)

ZZT. hy kX h(0)=k(0) =0 EiT C! BETH D,
X = {ueC%(0,7]);u(0) = u(r)} (4.29)
Y = {ue€C(0,n]);u(0) =u(m)} (4.30)
FOvu) = —u"+h(u? +u?)u - Mu+ k(u? + o%)u} (4.31)

el SN

fuM O] = —" =0 (vEX) (4.32)

ThENDL, T 0 ZEAEECL DR, ERAGHLY A=n? (n=1,2,3,---) D&
EIIRRD, EHZEMIX

Ker(fu(n?,0)) = {asinnt;a € R} (4.33)
Thd, £oT, FHE 32D (3.2) IZBNT N & n? ILBEHATHDDBHY LD,
Pu@® 0] =-v  (veEX) (4.34)
£V, (31) b, &bIZ
R(fu(n2,0)) = {v cy; /wv(t) sinntdt = o} (4.35)

ThBMND, (3.3) IZBNT N\ & n? KBEMITBD B, KEIZ, sinnt X
Fru(n?,0)sinnt = —sinnt ¢ R(fy(n?,0)) (4.36)

BT, (34) BT A & n? KEXHRZLHOBMIEL, Lisii>T, EH 3.2

Eox=n(n=123 ) ZVEATH2, Lirb, flZEN=1000E725

figi%

1+ h(c?) 2)

1+ k(c?)

IR B u(t) = esint ThH T & bEEICLY DD,

N = (4.37)

wl
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Bl 4.6([11]) Qo % R NOWBSRERFERL L, SEARERRE

Au—Xu = ud in Q (4.38)
u = 0 on O (4.39)
DE TRV SV T, SEERERNCELD, T,
X = Ho'(Q0) N H2(Q), Y = L*(Q) (4.40)
fOu) = Au— du —ud (4.41)

LB L. YRV OEBEEE (cE[l]) XY fi RV xX — Y Thd, abic, fIF
C2 HTHY,

fu(X0)[v] = Av — (4.42)

Thd, LoT, Ml 31 LVPEADBEHIT 4V 7 VEETO A OEFE, 2V
Av = dv in Qg (4.43)

v = 0 on 0 ‘ (4.44)

R TEBETRVE o NEETDH I IRERN ThD, LZAT, TDXHIREARE
AEFTEERED Y. b ERE SOIEBICEEEIE LT Ay Ay Mg, oreer r
B L,

0> > M > > (4.45)
LRBIEBEBNTNS (c£[13, FHE 3.6]). BIC, Ao KT BEEEMOKRTIE 1
ThHY. TOBREEED 1% ¢ LB, TOLE, N BDRKATHSEZ LEFTE

DT, EE 3.2 D4DODKME 1 OTORNPD TN, EF. (3.1)-(3.2) DEILITAL
Do —H. V=R ¥ U F—DORREE (cf.[8, FH 11.30][10]) £ V. he Y IZHLT

Av — )\Q'U =h in QO (446)
WMiEve X O DDORMT
/ h(z)¢(z)dz =0 (4.47)
Qo

BT L ThB, LoT, Mthm)%ﬁ Nt ¢ OIES 1| KEZMTHB D
B, (3.3) bEKILT D, IERIC
Jur(X0,0)[8] = —¢ & R(fu(X0,0)) (4.48)

ChBID. (34) bRYT B, LEtioT, EEI2 L0, F4 U LEHETO A O
H1EAME N EOESATHD, WX, up — X (k= 00) £722D & 5721350 {ue} B
FELT, 2k b A= (k= 1,2,3,---) DL EIT (4.38)-(4.39) 1L EHATRUME
ZH0, ,

Bl 4.7 Qo % R NOW|LMRAEREERE L, KOERMEMELE X 2,
Au—Idu = |uflu in Qo (4.49)
u = 0 on 0 (4.50)

p=2 DHAEIE, p=23 OHEAE (DEVH 4.6) LRROBERB/ZLND ([12]). TNT
., — O p>1 DBEARIIEITHA I N2 ROBFTEZIZN,



| I © BT RO D B
5l 4.8([3, p.99], cf.[;l]) Qo & R® NOWELDZRERERLE L,

o(s) € C'(RY), g(0)=0, ¢(0) =0 (4.51)
LT B L&, BERERME

Au—du = g(u) in Qo (4.52)
u = 0 on 0Q (4.53)

OBEBETRVEDCIFEICLSOWT, HIEEHEHAVWTEZS, £7. EH ac (0,1) 2
Bl

X ={ueC®Q);u=0 on 0}, Y={ue c%e ()} (4.54)
f(u) = Au— du — g(u) (4.55)

L, fiRIXxX —Y Thd, Ebiz,
fu(X,0)[v] = Av — A (4.56)
ThbH, Lo T, il 3.1 LV DIEEOFERMITT 4V 7 VEBTO A DEFE. 2%

Av = X in Q (4.57)
v = 0 on 0Q (4.58)

AR TEECRVE v BEET S LI RER N ThD, Bl 46 LRECLT, Th
L OEAEEKE S OIEBICEEEICRS LT do. M. Ao o B EL N BIBLDE
FHEEOEEE 1 OEHEEN BOEATHEENI L%, fl 4.6 LFEICLTR
FrERTED, (EFL. BEEENTAT X BT 52 L omHi, fixd (1] &
B, ) LA Ty e — A (k= 00) £725 & 572850 {uy} BEELT, 2L ED
A=pp (k=1,2,3,-+) DL EIT (4.52)-(4.53) ZEATRVEE B,

FIZIE. g(u) = tulf~lu (p > 1) DHEBEH ThH 5,

EE 4.9 (452)-(4.53) T g(u) = —[uff~lu (p > 1) DHETHSWTIE, EHE I
D, pRn DREERL Qy ORI U T4 RIFRRRENHRE ST TW5 (cf[2] [5]
6] [9] [11, §33] [14] [15, Chapter IIT]), MBEFET DB, EERICIIEEML 250 T,
glu) = —uP L7125,

& Xk
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On Bashmakov’s theorem for elliptic curves
without complex multiplication

Hajime NAKAZATO®

We consider the Galois cohomology groups arising form the Galois modules Ep# and H# =Gal(L#/ KiF),
where L# denotes the filed defined by Bashmakov[l] and K# denotes the p”-division field F'(Ep2, tp™)
for non-negative integers m and n. Then we describe the structure of H (Gal(L#/ F (up™)), Ep") using
the Mordell-Weil group E (F (upm)).

(Keywords: elliptic curve, Galois cohomology group)

1. Introduction

Let E/F be an elliptic curve over a finite number field F. We assume that E has not
complex multiplication over any finite extension of F'. Let p be an odd prime. For a positive
integer m, E,, denotes the group of all m-torsion points of E and p,, denotes the group of
all m-th root of unity.

Assumption. We assume that
(S) : Gal(F(Ep)/F) = GLy(Fp).

By the celebrated theorem due to Serre[3] this assumption (S) holds for almost all p. In
this case, the p-torsion part of the Mordell-Weil group of E over F is null i.e. E(F), = 0.
Moreover we have E(F'(upm))p, = 0 for any non-negative integer m.

Definition. For non-negative integers m and n, we define the following;

m 1 m m m
By = —E(F(“pm))7 Ly = F(By, 7/*me)7 Ky ZF(EP”HU’P"")’ K =F(/1'Pm)a

n pn
H™ = Gal(L™/K™), G" = Gal(L™/K™), G = Gal(K'/K™), and
rm = rankE(K™).

Also we define
rm=Jzp, km=JET,
HE = Gal(L: /KZ), G :Téal(LZ’o/Km), nand G = Gal(KZ/K™).
We call L™ and L7 Bashmakov fields. Using E(K™), = 0, we have
B(K™)/p"E(K™) = E(K™) ® L/p"L = (Z/p"Z)®™.

Let T, (E) be the p-adic Tate module of E. |
In this paper we will get the following theorems:

* General Subject (Mathematics)
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Theorem 8. (i) HT =2 ES'™ as GM-modules.
(i) HZ 2 T,(E)®™ as GZ-modules.

Theorem 12. (i) HY(G", Eyn) & E(K™) @ Z/p"Z = (Z/p"Z)®™,
(ii) the discrete Galois cohomology group HY (G, Epes) = E(K™) ® Qp/Zp = (Qp /Z,) ¥,
(iii) the continuous Galois cohomology group Hp(Goy, Tp(E)) 2 E(K™) ® Zp = ZErm.

Bashmakov [1] obtained the following

Theorem. (i) The discrete Galois cohomology group H YGal(LS,/F), Epe) is an extension
of (Qp/Zy)®" by a finite group,

(ii) the continuous Galois cohomology group Hy,(Gal(L3,/F),Ty(E)) is an extension of
72" by a finite group, where T is the rank of E(F).

Our Theorem 12 is sharper than Bashmakov’s theorem. We get our result from our
Assumption (S) that holds for almost all prime p [3].
Moreover we setup our theorems over the tower of number fields:

F=K'cK'c.-.-cK™cC---CK*.

This setting is more important in recent Iwasawa theory of elliptic curves [2]. So this paper
is an attempt to use Bashmakov’s theorem for researching Iwasawa theory of elliptic curves.

Notation. For a prime p, Z, denotes the p-adic integer ring, Q, denotes the field of fractions
of Z, and F, denotes the field Z/pZ. We recall the definitions and the properties of the
Galois cohomology groups from [4].

2. Preliminary
Let P be a point of E(K™).

Definition. Let @p : H* — E, be a map defined by ¢p(h) = (b — 1)@, where @ € E(LT)
s.t. pQ = P.

Lemma 1. The map ©p is a well-defined GT*-homomorphism.

Proof. 1° ¢p is well-defined.
Let Q,Q € B(LM) st. pQ =pQ' = P. Asp(Q@Q—-Q') =0, A =@ - Q' € E,. For
h € HP = Gal(LT*/KT"), using K* = K™(E,), we have hA = A. Therefore (h —1)Q =
(h=1)(Q +A)=(h-1)Q +(h—1)A=(h-1)Q".

2° p is a homomorphism.
For h, ' € HJ*, we have ph'Q = h'pQ = h'P = P. By 1°, we have (h — 1)M'Q = (h—1)Q.
Hence we have

pp(hh!) = (AR —1)Q = (h— DN Q+ (W' —1)Q = (h—1)Q+ (W = 1)Q = pp(h) + pr(F).

© 3° pp is a GP*-homomorphism.
For 0 € G™ = Gal(K™/K™), there exists 6 € G = Gal(L*/K™) s.t. 6|lgp = 0. As
p5Q = 5Q = 5P = P, we have p(6Q — Q) = 0. Hence there exists A =6Q — Q € Ep. For
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h € HT, let o - h = Ghd~t. Then we have

¢5(h) = opp(o™" - h) =Gop(6 hG) = 5(57'hé — 1)Q = (hd — 5)Q = (h—1)5Q
=h-1DQ+A)="r-1)Q+(h-1)A=(h—1)Q =¢p(h).

Therefore ©% = pp. O

Definition. Let ¢ : B(K™)/pE(K™) — Hom®T (HJ*, E;,) be a map defined by
P(P +pE(K™)) = ¢p.

Lemma 2. The map 1 is a well-defined injective homomorphism.

Proof. 1° 1 is well-defined.
If P € pE(K™), then there exists @ € E(K™) s.t. pQ = P. For any h € HT", we have
op(h) = (h—1)Q = 0. Hence pp = 0.

2° 1) is a homomorphism. :
For P,P' € E(K™), let Q,Q' € E(LT) s.t. pQ = P,pQ’ = P’. Then p(Q+ Q') = P+ P'.
Therefore we have, for h € HT*, opipi(h) = (h—=1)(Q+ Q) = (h—-1)Q+ (h—1)Q =
op(h) + ¢p/(h). Hence (P + P') = ppip = pp + pp = P(P) + Y(P).

3° 1) is injective.
We assume that @p(h) = 0 for any h € H*. Let ¢p : G* — E, be a map defined by
Gp(g9) = (g — 1)Q for g € GI*. Using the assumption, we define @p : GT* = G1*/H* — E,
by ©p(c) = $p(5) for o € GT*, where & € G* s.t. G|km = 0. Then pp is a cycle. As
HY(GT', E,) = 0 (see Lemma 9), the cohomology class [#p] is null. Thus pp is a boundary.
There exists A € E, s.t. pp(c) = (¢ —1)A for o € GT*. Hence we have (0 —1)Q = (0 —1)A.
Let Q' = Q — A. Since 0Q' = 0(Q — A) = Q — A= Q' for any o € GT" = Gal(K["/K™).
We have Q' € E(K™). Therefore P = pQ = p(Q' + A) = pQ’ +pA = pQ' € pE(K™). Thus
Y(P+pE(K™)) = ¢p = 0 implies P € pE(K™). O

Let PV, p@2) ... ,P(’"m) be a system of Z-free generators of E(K™). Let QWY e E(L7)
s.t. pQ(j) = P for G=1,2,-+ ,Tm.-

Definition. Let @1 : H* — E§3’”m be a map defined by ¢ = @;ZlSDP(j).
Lemma 3. The map @1 is a G*-isomorphism.

Proof. As every ¢p(;) is a GT*-homomorphism, ¢ is also a GT*-homomorphism.

1° ¢ is injective.
Let h € HP. If o1(h) = @ppu (k) = &(h —1)QW = 0, then (h —1)QU) = 0. Since
h e HP = Gal(L7/K™) and LT = K™(QMW,Q®,...,Q")). We have h = 1.

2° (1 is surjective.
Note that GLo(F,) = Gal(Fi/F) D Gal(Fi/Fy N K™) = Gal(K{*/K™) = GT* D
Gal(Fy/K,) = SL(F,). The image Im¢; is a G*-submodule of E®™. Since every G7'-
simple factor of E®™™ is E, and E®™ is a GT"-semi-simple module. We have Im¢p; = EE
with a positive integer k < rp,.

Claim: k = rm.

Clearly this implies the surjetiveness of ;.
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Proof of Claim. Using the fact that E, is a simple GT*-module, we have Hom®"' (Ep, Ep) =
F,. Since, by 1°, HT* 2 Imgp; = EF. We have Hom®" (HT*, B,) = Hom®" (EE, E,) = FE.
On the other hand, by Lemma 2, we have an injective homomorphism

b : B(K™)/pE(K™) = Frm — Hom®T (HY", Ep) = Fy.

Thus we have r,,, < k. O
Using Lemma 3, we get the following

Theorem 4. H* = EP™ as GT*-modules.

Corollary 5. HY(GT*, HT*) = 0.

Proof. Since HY(G7*, E,) = 0 (see Lemma 9). We have

H'(GT M) & HY(GT, Eg™) & HY(GY', E,)®™ = 0. =

These theorem and corollary are contained in Theorem 8 and Corollary 9, which appear in
the next section. However we use Theorem 4 to prove Theorem 8.

3. Theorems ‘ ' . '
For a positive integer n, let Qﬁf ) e E(L™) s.t. an&Z ) = PU) and pQﬁfj)Ll = QSLJ ) for
j=1,2,“' s Tm-

Definition. (i) Let ¢, p : HT — Epn be a map defined by ¢p, p(h) = (h—1)Qy, for h € H7,
where Q,, € E(L?) s.t. p"Q = P.
(ii) Let ¢p : H* — Eﬁrm be a map defined by ¢, = ® ;¢ pi -

Lemma 6. (i) The map ¢n, p is a well-defined G7,'-homomorphism.
(ii) The map ¢y, is a injective GJ-homomorphism.

The proof is similar to the proofs of Lemma 1 and 2. We omit this proof.
Lemma 7. (i) The following diagram commutes:

m Pn-t+1 Dr

©
H? —2 B3I,

where 7 denotes the multiplication-by-p map and res denotes the restriction map.
(ii) The map @, is a surjective homomorphism.

Proof. (i) Using pQﬁLj_{)_l = ng ), for h € HJ" 1, we have

70 oner(h) =plh —1)QY), = (h— 1)QY = (res(h) — 1)QY) = wn o res(h).
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(ii) By (i), we have the following commutative diagram:
Pn ™
Hp ——— Eg
resJ{ Tn—1 l
HP —F— EP™,

where 7,_; denotes the multiplication-by-p”~! map. Since ¢; is an isomorphism and
Tn—1, Te€s are surjective. We have Kerm,_; +Imy, = Eg?f"‘. Hence pEg?Tm +Imep, = Egi’"m.
By Nakayama’s Lemma, we have Imyp,, = El?ifm. O

Summing up, we have the following

Theorem 8. (i) H™ = ESI™ as GT-modules.
(ii) HZ 2 Tp(E)® ™ as Gog-modules.

Proof. (i) Lemma 6 and 7 follow the assertion (i).
(ii) We use to prove the assertion (ii) the following

Claim. If n/ > n > m, then L7 N K]} = K.
Therefore we have L7* N K2 = K. Since Tp(E) = lim Eyn. We have
HT, = Gal(L™ /K™) = lim Gal( L K72/ KI2) & limGal(LT /LI N KZ2)

— lim Gal(L7/KT) = m MY = lim B = (lim B ) = Ty(E)®"™.
Proof of Claim. Since F, N K™ = K™"{mm} We have
G™ = Gal(K™/K™) = Gal(F, /Fp N K™) C Gal(F,/F) = GLy(Z/p"Z).

Let Z° = {£15} C SLy(Z/p"Z) = Gal(F,/K™). Then we have Z° C Gal(F,/K™) C
Gal(K™/K™) = G7. Hence Z° is a central normal subgroup of G7".

By Theorem 8 (i), Z° acts non-trivially on ESI™ = H7 = Gal(L7/K;"). However Z°
acts trivially by conjugation on

Gal(K™/K™) = Gal(K™F,, /K™F,) = Gal(F,, /F,) = Gal(F, /F\)/Gal(F,/F}).

Hence we have L' N K} = K. O

Lemma 9. (i) HY(G™, Epn) =0 for i =1,2.
(i) H(G™, Eyn) =0 for i =1,2.

Proof. (i) Since Z° is a central normal subgroup of G™. Using the exact sequence 1 — Z% —
G™ — G /7% — 1 and the fact H%(Z%, Epn) = 0, we have the following exact sequence:

0 HY(GM /20 EZ) — HY(GD, Bpn) — H"(Z°, Bpn )97 /7
— HZ(GZL/ZO,-E;;) — Hz(Gz&?E n) N Hl(Gg/ZO,Hl(ZO,Epn)).

As Epzf =0 and H'(Z°, Epn) = 0, we have H' (G, Eyn) = 0 and H?(G7, Epn) = 0.
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(ii) Since Z° is also a central normal subgroup of GZ;. By the same argument as (i), we get
the assertion of (ii). O

Corollary 10. (i) H*(G?*, H™) = 0.

The proof of (i) is similar to the proof of Corollary 5. We omit this proof.

Proof of (ii). To prove the assertion (ii), we use Lemma 9 (ii). Since H, L (GZ,T,(E)) =
lim H* (G, Epn) = 0. By Theorem 8, we have

HY (G HT) = Heyo(G, Ty(E)®™) = Hy, (G, Tp(B)) ST = 0. O

cts o0 c

Definition. Let by, : E(K™)/p"E(K™) — Hom%" (H™, Eyn) be a map defined by
Yn(P +p"E(K™)) = ¢n,p.

Lemma 11. The map v, is a well-defined isomorphism.

Proof. By the same argument as in the proof of Lemma 2, 9, is a well-defined injective
homomorphism. Using Theorem 8, we have

bn : B(K™)/p"B(K™) & (Z/p"Z)™ — Hom®~ (HJ, Epn) 2 (Z/p"Z)™™.
Hence 1)y, is an isomorphism. |

Theorem 12. (i) HY(G*, Epn) = E(K™) ® Z/p"Z = (Z[p"Z)®™™,
(ii) the discrete Galois cohomology group H'(GZ, Epeo) =2 E(K™) ® Qp /2y =2 (Qp/Zy)®™™,
(iii) the continuous Galois cohomology group Hys(G%, Tp(E)) = E(K™) ® Zp = ZIrm.

Proof. (i) Since the action of HT = Gal(L]?/K]) on Eyn is trivial. The exact sequence
1— H™ — g™ — G — 1 gives the following exact sequence:

0— Hl(GgaEp”) - Hl(gglaEp") - HI(H?7EP")GT - HQ(G?&EP”)
By Lemma 9 and 11, we have
HY(G™, Epn) = H'(HI?, Epn )% = Hom® (K, Epn) & B(K™) ® Z/p"L.

(ii) Since Epeo = lim Epn, G35 = Gal(L™ /K™) = HJ_nGal(L?/Km) = lim G* and
Qp/Zyp = lim Z/p"Z. Using (i), we have

HY(G2, Bye) = lim H'(GF, Fye) = liny B(K™) © Z/3"Z = B(K™) ® (i Z/5"2)

=E(K™)® @p/Zp = (@p/ZP)EBTm'
(iii) To prove the assertion (iii), we use the following
Ola'&m Hl(gorg,Epn) = Hl( ,:Ln,Epn).
Since every H (G, Epn) is a finite group for n > 1. Using (i), we have
HY, (G, HT) = lim HY (G2, Epn) = lim H (G, Epr)

= lim B(K™) ® Z/p"Z = B(K™) @ im Z/p"Z = B(K™) ® Z, = Z3"™.
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Proof of Claim. Since the action of H% = Gal(LZ/KZ) on Epn is trivial. The exact
sequence 1 — HZ — g — G2 — 1 gives the following exact sequence:

0 — HY (G, Epn) — H (G, Bpn) = H' (R, Bpn )= — H* (G, Epn).
Therefore, using Theorem 8, we have

Hl(gofngp"> = Hl(H;novEp”)Gg; = HomGgé (HTOnanP“)
= Hom % (H™, Epn) = Hom® (H™, Epn) = HY(G™, Epn). O
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Studying the role of Japan-Australia student exchange program
by questionnaire survey
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This paper aims to report the result of the questionnaire survey conducted for the purpose of
studying the role of Japan-Australia student exchange program, which has been carried out over the
last twenty years. The result of the survey shows that this program is highly evaluated 'by those who
have been to Australia as members of the delegation of Tokyo National College of Technology. Most of

them say that the exchange program has positive influence on their course of carries.
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A Study on the Questionnaire’s Results through All the Kosen-Teachers in Japan

Concerning the Engineering Ethics Education

—What We Learn from Their Opinions—

Koji Kawakrra, Keiichi Asano, Yutaka KawaMURA, Minami KiMURA, Ryo SHOjJI

We set up a team of the engineering ethics education study in TNCT a few years ago and now we try
to introduce and analyze some responses made in our recent nation-wide questionnaire. Although the
number of the Kosen teachers who answered in the negative to the engineering ethics education was
very small (1.5%), some questions they presented seem too important to be neglected. We hope our
surveys and considerations contribute to the understanding and the teaching of engineering ethics.

(Keywords: Engineering Ethics, Business Ethics, BSE)
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The Graduates’ Evaluation of the E‘ducation

of Tokyo National College of Technology

Yoshitaka SaTo, Itaru KaTo

Tokyo National College of Technology was established in 1965 and more than 5400 students have al-

ready graduated from the college. The earlier graduates are retiring from their companies due to their

age. They have been active as engineers in their respective fields, but few reports have been received

about them. To improve the college’s educational system, it is necessary for the college to know the

graduates’ activities and their opinions. So a questionnaire was sent to them. It was composed of three

topics; their evaluation of the college education, their positions or carriers in the society and their advice

or opinions regarding the college education. The graduates were divided into three groups;graduates
from 1970 to 1972, from 1984 to 1987, from 1996 to 1998. In total the 148 replies were received from the

graduates. This paper will show some results from the questionnaires.

1.

(Keywords: graduates activities, questionnaire of the graduates)
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Electromagnetic Environment Measurement System using
XPort Ethernet Serial Converter

Mineo YAMAUcHI, Shigeo OHONUKI

In the previous paper, we have reported a remote controllable electromagnetic wave monitoring sys-
tem using AOR SR2000 and PICNIC. The SR2000 is a FFT Frequency monitor for amateur radio and
the PICNIC is a PIC microcontroller with a UDP LAN and an RS232C interfaces. The system, however,
has two restrictions such that it requires a dedicated LAN and the RS232C speed is limited by 9600 bps.
We have developed a new system using XPort in place of the PICNIC. The XPort is a device with TCP
LAN and RS232C interfaces. This new system has solved the above two restrictions, however, raised
two new problems. The one is TCP packet delaying and the other is SR2000 communication error.
Those problems have been solved by using Windows API instead of Winsock control, setting Windows
socket to TCP_NODELAY and non blocking mode, and sending commands redundantly.

(Keywords: XPort, PICNIC, SR2000, RS232C, TCP, UDP, Ethernet to Serial Converter)
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Construction of Safe Email Environment in the Tokyo National College of Technology

Yuji TATEIZUMI

In July 2007, we updated the email environment of the Tokyo National College of Technology. The
structure of the email system was changed to the ASP type by this update. The reason of this change
was administration of the email system which changed into very important infrastructure became diffi-
cult with the model to set up a server in a college. The email system has been updated by a period of
about 5 years. I inspected the historic change of this email system. To think about an important element

and the future change of the email system.

(Keywords: email environment, ASP, administration)
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High Accuracy Measurement of Rotation Angle and Scale Factor for Surface Texture Images
Hiroyuki Aok, Akira MIK1

This paper reports a method for high accuracy measurement of the rotation angle and the scale fac-
tor for surface texture images using phase-only correlation (POC) techniques. After the images have
been transformed by a two-dimensional discrete Fourier Transform (2D-DFT), POC uses only the phase
information to calculate the correlation and yields a clearer correlation peak to estimate the displace-
ment between images. In this paper, the test images were taken from daily life objects such as the sur-
faces of furniture, which may seem not to have any significant features. Simulations demonstrate that
the technique of applying POC can estimate 1/100 degree accuracy in rotation angle for the five test im-
ages and 1/2000 scale accuracy in scale factor for four out of the five test images.

(Keywords: phase only correlation, rotation angle, scale factor, texture image)
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Homeroom Activities to Foster the Students’ Sense of Career-development

Sadanobu YosumoTo, Tsunemi TAKEDA, Toshiyuki Arzawa,

Masato Suzuki and Tetsuya KojiMa

Although the importance of homeroom activities has been repeatedly mentioned, few effective and
practical managing methods have been utilized in the national college education system. The purpose of
this paper is to explain how the students’ sense of career-development has been fostered in the past
two years. Some initial trials for the homeroom activities of the first and second year students are re-

ported in this paper.

(Keywords: homeroom activities, career-development, allotment of student's major)

1 IC®IC

HR BENIREOHEET2ERTHEER
BRAEEITH S, 20 HRIEENIEZEER DA
57, BEIEBWTHEERIL TRV 1], &K%
(EREE) TbHRuY=2 MAEBNRYHE
Vol &T, KVERETEFHBIBRE ST
W3,

—7, ERITEELY 1 FAXBEFHR DY
AT LAPEAShZ. BETIREENSEFOFEE
EWVWIHIEMT, b VEBTERERIND
oy, FERO—EEERT LI LN TE
i oo r2l. REFEREVIBRIT R
LT, BERLOOL Y ERTESE 2 FER
ENBERIAT LV RREEBBIZLRDD, K
EEORBLEFRZBIRTEDXLOICRo7. B
BEBTGRE oo e BADOE, HTAFHEITEARD
Tl LT, BRAENBENCHEOD 5FFREZH
NREFRBFIENT VI Z EEHF LTV
bh B VEERITOTA X AT, FRRER
BB A ER R ERbE, EREEHRL K
INZETFUUARRENT. FR, BNCEE
BEIZ & > THEBEOIEWEEREIER & LFFTH
E3bolz L H)THDHN, HEECHERERVTL
BEAETFEAERLT, ELTRERCERE
Wk THE T Vo kB EMTEICENTE
720, _

fh7, 2HEATREZRICEBINDZ LI

5. THEAZIHDH00, BHOHERREE
L CERHTRIT 25F OB E, BHLDfREk
DEBIZDONWT Lo Y B AMENBET D
DX, AV F =y TREBIND 4 FEED)
LThD. DAAVENETIZ, WRIZZ 52072
WEWIBZ BFoFEAIINDEE LTS, KE
Eh S EEHICEECHBEICOVWTHRRD Lo
T8I R L B2 EHE LA CEBNEREDNRS.
1A RMPEICHERERERE VWS LEBZ
BUNEND D, EROICRESMRICEFT
ETWB EEbNAN, ERERBENZED 24
AL OEME B ~OBHERSL, #E - MRk
BERPBAMTY, FLTEHNDHTH D 28
LW EEZDNIBEEREVoTER EER
AHICRT, ZORBICESIIED K S RERIT
WA, EEFBRTIERTEATHTIE, Lok
5 IR ODERND LWV O RREFL O
Z—2DBRWHFIETHDI LB L bNS.
A|ETIE, 1, 2EAEL W REECRIT DX
Y UTHELWIBAICEREEE, BEBHK~
ZERRIN~ZRER L V) —EORhOR T, &
DEHIBRHR ZITIREN LV MEICR L, &
TR =M L 7Bl &2 280, R SR OBET
XERLITOVWTE L DENEERETD. 2
L, EECIFER2KE LT, flXIZ0oBkIE
WXk AHEERY, BELEFEHEZMBIZITo T
HrlbHBHERDONDMN, I TIHEMLEMED

*EMLER  * x—BBR (LR



60 AR TRB S UPTEBO T (8 392) %)

HR{EB L LTITASHEAOAFICEREZHTT
W5,

2 1440 HR &)
2. 1 =
Sicnie L 912, BAFEROEEIXFRLER

DI-DITHSITEIL, BFRENET D LWIRW -

BPERELTWER, T0OL I REFHEToTVE
R2EOEITIEEAMER NPT,

ZAREL &, BERERICOWTIIRELDE
ENAZRZEDTRY, b0 VERTFEOD
gL, RABEBREZEERLTLEWIFEHEN-T
Wiz, ZDX R LIIEESNAFETIEIH S
2, o DRAFBRNEFRERICENSNT
WERWER LTR LRV, Tl 2 AL LR
DTWEELTh, 2EECERLZE, Ban
FOEREZBAUTENSTZDON, BLAEHITZ LD
BRNE DT, BLRARBIRETIERVALE L
E L.

—F, ZALIFEVOOLER 1EELRZD
EWMTHHLEERTDIE, HETOFMINE
W, RPRPESPLITEICETEE I 2L
LUV ONE LIV, Z0&THR X I W
LDBFETHILENTED.

2. 2 FELIEESRN
MRS NEEIER 1 O LD RN TITo 72,

#F1 Efahis (R

® 10 BHfRAL. b ¥R % [RENFE] (22407 -
BERRESREE) 1T E.

® RIIIHZK 6 AET (HIERREEZEH
LCEBHRE).

® IREEIIILE LT AL TARBLLE.

FEL DI LE ADERETHRE.

@ HETIHHAAIKEREZHANTHRV.

2T, SEOEHCE LZHROFAELIX
RESFITBE

1EE : \EHH, PR, FHYEAFRD
2EE : FV—T1E¥E (FEREDFHE)
3[EE : ®FK

L7h. 1, 2EBIXERTH IR, 3EEORERK

IZ2EBEMNOH 1 BIZE2ET, TORICERYT
AF VR, B 2EIOERREPTONDIR Lo
7. BEEOFEBHORRIIITORNoTR, F#
AEIZIIHRPERFEEEL RV EZS 2B, T
DEETHRL, FERFHAE LTRIAETLILIT
LEATRBWE.

2. 3 ZAEOEEBRR
2AOHELF L LTE, ETER HP »OHS
B LB LFRENDM, HP T~
Tixbn bRV, &L LT, ST ERE~EH
T Lk (B ERER) L L. EE,
TRELBRELT, BEEHICERRA~ERICT
{EEHHoTZ.

£H, BAOHEREY LEZARICOWVWTE, £
PO BRIPNTARZZ LI LY, ERORR’ S
Motk dThD. BRIIOVWTIE, V&R
HRNWZ ENLEBRRDOENRH-T-. K1IZE
DIETFERT.

M1 1FERZORT

HoPUORBRAOEREZABRLTRNTL X
WEEH Z LI LTWER, BRLLOERUSN
DODHABIXIZLAEEN T, AT &M
FZhMPVRT LW ETI, SRFESELE
BT ULERDS.

2. 4 ¥(&®

SENE, FRERAEREIMMTON D RIOAMK
BT, BEEZDHHERELICVWESX, 124
RICEREWITE Lo, LOLERIINVAN



HAR, M 1, 244 HRICBT 5% v ) 7RO #HA 61

AR NHERY, HEVHKBRRL, Ei
BN LIBWERE U O, Z0Zehb, £
HOE 1 EERAEORHE TITZOMELZKZ,
7 & ZITRMEDONE R TICER T A X v AETE
BRICEENRTERLWVWIRFZA BRI NEED
na. E£i, 1E£L0WIZEHEL, DLAN
vER L, EERERURELEDETESHZIT)
trnwetEXHR5.
BRIZOVWTHEFARNSCARE 7 FAAAL MNZH
MNEEICTTEIILRPMBETHD. BEST—R
AV EDOY —ARFATENIRESNDIHT S
HLEWEBDNED, FODITIIERNICHER
FEOEENRNELRD. 20O M DREERNZ,
—ERFEEHER O DERZIY, EEREE
FIAL, BREERTZDOb—REEEZOND.

3 2440 HRIEFH
3. 1 M=

1 A TIREREBRSBERT 2720, HRES
FDOMIEENR SRS, LI BAED EWN
SERmBAR O, —F 2FELITRD, WANS
REWCHBIEH TE2HENIERD. £TD
4y, B DF &R LICBY Iy Z LR TE DD,
¥oRFETHE, FIZIZENERIPENLTLE
5L, FEBLOLIRRIBFBELLTVERE
WhHhBHEEZRD., £, BHEICEHELTS 284
TIIEMBEOEER L 2L, WAL ERN
ThHiH, EffCHMBEHRDEZ VI EERD
FVRLORVWESbH D ERDIhS.

5, R ONWTDIFRT U r— b ehD
&, EHRETEHEY, (FRIFRTIX) SEX
FarSlT RN W FEEFoTFEED
Z Hrbhd., EEFEL VDN, FOEITITH
BARFELNEZTND.

ZDk Ot 2EETHHIBREEMEIT,
TOEAMTIED XD BB DES S L
STERIZHONWTHN TRBL DX, §HBOFEELE
ErEZNE, EF—va ok, 2LE
FEWS, EHEB~QEHFRELELTTIFIAD
ERZWNWEEZ. 12721, FAEICE > TERKE
BERTLTHEMT, REINHENREEE
Py 7oL, ALARD, ERICEEIN
TWAERE, KD DB A7 Eie 20Tl T

b IMBERHDEEDND.

3. 25k ETEENRIL

EPHEM L LT 5 AT (ERBEEYEE)
nh, BFHOESR GifdE, BXAE-ERLY)
EAFL, DIBETLODELOEFERE LTHE
itz Fie, EBRRRELERT 2D, B
BIFAEL— N (®2) 2ERL, BE, A 5#
Wi, MERTEEZEZADLILICLELOD
FHRICFE L. [{EERE] FEIIR21CX
FINTITo Tz,

1l

ERMRE WRY-H

TESXE

in]

AR ARNNNNR AR

- HAEER > TREYS RREWAREDRO. AMERELROYICECHIRATNG

21 : 8A28 (X)
=2 : 108258 K)

B2 BERIFAET — b

*2 EWGE (—EHR

® I N—TIEETERBHEEEZPOLIT, KT
BELPLE LTINS, 1 A28 (BF
ENEZATHH)

© [LDXHiRILizPLoTNEEE,
rEo k5 =T ,
[EDEIRAMEFELTND, AF/MN
BN (FIT2L M) ] R ER5.

® HREET 1YY A4 KT 1I~2 HREE.

© XFIXPPT ToHLHRRE.

HREREORE L LTI,

1EE : EORE, CERELEDORE
2[EE : #ER

b, 1EERTATHEHICERBLE. EFEOR
E CICREPBR O AT T, FRNICKTL
BRWEES BoTaizd, MHPTEELKRTSE,
BIFIEY — MIBARHET DI L OIC L. ET,
EEOTHEIIE CEEEZIY BVWRE D, ERA
EZRAT AL ITEBEAT.




62 BRL¥EmYE

2 E B OREFET 10 A TEHIITo . 2RESR
CCHROBERZI LB hoTelot), &
BHERB IR, FIM B ICED DL L.

3. 3 ZAOFEENRN

Bk v EDFICRERBNS M, ERICE
KRBT, BEEEE RETUEILNEREFEED
Wie, BRI — R TCHEOTFELEHRT S L, BEiR
BT HDIEE R T TWBHES B o 72728,
BRERPVR—FRE M=V HRD L, <D
24, BERABITOEEP RS TIXRWnrE
HHENS.

RBRICONWTIE, CEOBMEDHLEFTFE LZLD
25, FAREEOLENRBERERRLILLD
FTRA ThHD. SEMICERERFFIELS2Z L
ZHoTh, TNEHRARNDODIERIXIILEAL
oo, BEEBOHRPLRRD LFWTHRIX
AMELT,NU—RA heFlA LI EITLY,
AR LBBIE, 1EEOFLY bEERIZED
X oicpoc BN (K3).

X3 2FEAFBROKET

3. 4 ¥£&®

LONDOINDHIX, BEUIRRDIBHBRITEBV
T, CETIEI VYo —F ITHTHEBOEED
ME, LOPLEBYVADEFRSCaII 2=F—Ya v
HEWVo T ANBAKETEZ RV EERS
NTWBREIFLEY 2 LERRTRY, /TR
£ELLTHLHIBRELBORESHo72 LB
na.

AEOEENL, BEARSFLIE LWL TES
FTBZENHED EE X, BERSOMBICERL

WAEBRI RS (8 392) B)

7o, RBEFDCRIA LIREL DR, £FH
R THRBE R HEREITD 2L, FHE LTI
LD LEDIRELTbIWVWEBbNS. £,
HREE & LT 2 B U HER LR -T2, 3
IO FEHEZEEZEM, b L < ITEBRILOMER
B LIEHD, 2EHRIEESDE (BkrR5EE)
BELETD EBbhD.

ERETRTVELT—va VY — AR EDE
IR, #ib o TP P TOFRES
ERICOWVWTOTF—REDHEBZIToTEIL
ERHD. IOREERTDE, —HEICIT2F
AEITBWTS 184E L RIERICEER: &2
HFENRRWERbS.

4 InWZiZ

AEETIE, 1EEBIU2FE4AICBITSHR
BB ORITHI Z@mE L.

BEETOXFY U THELVWOIBALERL,
1 EAETIIEHRRBICEE ST, REME, %
BFZE, EE, BBEERE. 2E£ETIEIL DL
B aA R, RN R D BRIk ST OMRAE,
BELENDIAMREOBENPLTAET D LND
KR TEDT.

2 FEATIIRERICER (PPT) Z Wiz
KRBT 1EEBOREL Y DEREH Y,
SEIZIVWERThoT2 B 5.

SEIED TORATH Y, HEORTTLL
DEHIRS 22O, SHOHRERICKIT5—
DD EEELTREIVWEEZLTNS., —
5T, HENEHE - EEET LD, Z0XD
BRNEERERTHEDITE, TRRVICAENRK
XL B, ZOd, SHRPBITONTHEE R
TWBERHD.

BEICER
NERT T VICESSBERERIRBIT SR —b/L—
LIEEIOER HEE, HEFH, IR,
T%%%E (J.of JSEE ) ,pp.16170, 55-3, 2007.
21 TH D5 WEBTE) TR 3 FRERE
BEHEAZE~HTHREE 1 EE£~0ORL~  KE
REED), KR LERSHEMERFEREESE 3
8 (2) &, pp.71-76, March 2007.
(FR2081H78 =)



B ERSFEMEEIEHEE 4 39(2) &, 2008

63

e F—= VI DEALZETOBRAT

BEILSERE ", ARG, BIARMIARHE "~

Introduction and Trial of e-Learning

Shigemori YokovyAMA, Shigeo Fukur, Shintaro SEKINE

With the rapid growth of Information and Communication Technology [ICT], the use of ICT is becom-
ing more common in education. This paper shows how e-learning, as a part of the ICT, has been imple-
mented at Tokyo National College of Technology. A working group was established to develop a frame-
work for the e-learning, and then an e-learning trial was conducted by the working group.

(Keyword: e-Learning, LMS)
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Development of a Simultaneous Production System of Fish and Vegetables without Any Waste
- Water Conditioning and the Start of an Aquaponics System -

Katsushi MATSUBAYASHI, Fumihiro NAKAGAWA, Toshifumi KOSAKA and Tomoyo MITANI

Aquaponics is a combination term of aquaculture (fish farming) and hydroponics (growing plants
withoutsoil) , and it is the simultaneous production system of fish and vegetables without any waste.

In the aquaculture, the water quickly becomes nutrient rich due to the fish digesting food and excreting
waste. The waste water is usually filtered and/or disposed of to keep the water free of toxic buildups. In
the hydroponics, nutrient solution is required for growing plants. The solution is created by adding the
elements that plants need to water. In the aquaponics, the fish waste provides a food source for the
growing plants and the plants provide a natural filter for the fish. This creates a small ecosystem where
both plants and fish can thrive.

The aquaponics can produce good-quality fish and vegetables, and achieve food self-sufficiency in the
isolated area like islands. The development of a plant of the aquaponics is not easy in the developed
countries because of the high cost of production. In this study, a small aquaponics system which is low
cost and enjoyable in a room is developed, and some data for the future development of aquaponics plants
is collected.

Principal nutrients components required for growing plants are nitrogen (N), phosphorus (P) and
kalium (K). Fish waste provides all nitrogen that plants need as nitric acid ion. Phosphorus and kalium
are provided by food additives because fish waste contains very little of them. The chosen food additives
are quite safe and very popular in the production of food, and they are also present in the human body.
The characteristic of this study is that additives are used as pH buffer. The additives keep the pH constant,
which is suitable for growing plants.

Development plan of aquaponics system was described in the previous paper. In this paper, from water
conditioning to the startup of the aquaponics system is reported.

(Keywords: Aquaponics, Aquaculture, Hydroponics, Ecosystem, pH Buffer)
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Engineering Education in Cooperation with Hachioji Science Education Center
- A Report of Super Science Partnership Project Dealing with the Creation of Robots -

Katsushi MATSUBAYASHI, Susumu TARAO, Kiyoyuki KOIKE,
Sadanobu YOSHIMOTO, Kiyoshi TSUDA and Toshifumi KOSAKA

It is highly likely that the rapid decrease of students who wish to study at faculty of engineering and
retire of baby-boom generation cause the shortage of engineers who sustain the technology-oriented nation
"Japan". The hours of subjects to get students interested in technology has been decreased in elementary
and secondary education and is not likely to increase in the future. JSEE (Japanese Society for
Engineering Education) working group, "Cooperative education between elementary/secondary and
higher education facilities", has discussed about effectiveness of extracurricular education utilizing
community education resource such as colleges, universities and companies. In responce to the discussion,
not uniformed and not one-time robot assembling workshop was held in cooperation with National
College of Technology and municipal science education center. PBL (Problem/Project Based Learning)
oriented instructions corresponding to children's stage of development was provided by teaching assistants
in the workshop.

(Keywords: Cooperative Education, Engineering Education, Creating Things)
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Raman Spectroscopy as a Laboratory Work for Students of
Chemical Science and Engineering

Noboru Axuzawa, Yoichiro Komma, Ken-ichi TSuUcHIYA,

Mitsuo Taxkanasar and Masayuki NAKANO

Taking into account recent technological importance of nanomaterials such as carbon nanotube,
fullerenes, etc.,, a new experimental subject has been introduced in the laboratory works for the 4t year
students of the Department of Chemical Science and Engineering. The experiment consists of Raman
spectroscopy of carbon nanotube, graphite and glassy carbon, in addition to the X-ray diffraction meas-
urements of these samples. The Raman spectra were analyzed in connection with structural informa-

tion derived from the X-ray diffraction experiment.

(Keywords: Raman spectroscopy, carbon nanotube, X-ray diffraction)
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Reaction Mechanism of Zeolite Synthesis from the Coal Ash
and Refuse Incineration Ash of Circulating Fluidized Bed Combustor

Hiroyuki Isumr and Haruna Kawagami

Zeolite synthesis from the coal ash and refuse incineration ash of circulating fluidized bed combustor
(CFBC) is effective to reuse the ashes. By method of hydrothermal alkali reaction, the possibility of zeo-
lite synthesis from the ashes was confirmed by XRD analysis, SEM photograph, pore size distribution
and the capacity of ammonium ion absorption. Reaction mechanism of zeolite synthesis was discussed
from the amount of ammonium ion absorption for synthesized material.

(Keywords: Circulating Fluidized Bed, Refuse incineration ash, Coal ash, Ziolite, Reaction mechanism)
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Improving Academic Presentation Skills for English Presentations

The English Presentation Research Group

The English Presentation Research Group (EPRG) was formed to improve the academic presentation
skills of the students of Tokyo National College of Technology. In the school year of 2006, the EPRG or-
ganized four study meetings and a presentation contest, where many students and professors pre-
sented their research. This paper aims to examine the presentation skills of the students and clarify ar-

eas that require more attention and training.

(Keywords: academic presentation, English presentation)
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The name of the journal has been changed from “ Research
Reports of Tokyo National Technical College” into “ Research Reports of
Tokyo National College of Technology” since the 1984 issue.
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