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Wound and Healing (Part One)
—Based on Hemingway's Short Stories—

Tatsuru IwAsAKI

Astonishing words suddenly come out of the mouths of Hemingway's heroes soon after they are
wounded not only physically but also spiritually. The words are not sorrowful ones, but ones that are
filled with the decision to overcome the wound and live actively. For example, Nick, a young boy of
'Indian Camp' is wounded not only physically but also spiritually by seeing baby's birth and man's death
at the same time. He is violently shocked, but he overcomes the shock and says to himself that he will

never die.
O Keywords : wound, healing, growth(J
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"God has some work for everyone to do" his
mother said. "There can be no idle hands in
His Kingdom." "I'm not in His Kingdom,"
Krebs said. "We are all of us in His Kingdom."
Krebs felt embarrassed and resentful as al-
waysU 110
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I was always embarrassed by the words
sacred, glorious, and sacrifice and the expres-
sion in vain. ...abstract words such as glory,
honor, courage or hallow were obscene be-
side the concrete names of villages, the num-
bers of roads, the names of rivers, the num-
bers of regiments and the dates."™
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"Do ladies always have such a hard time hav-
ing babies?" Nick asked.

"No, that was very, very exceptional."

"Why did he Kill himself, Daddy?"

"I don't know, Nick. He couldn't stand things,
I guess.”

"Do many men Kill themselves, Daddy? "
"Not very many, Nick."

"Do many women?"

"Hardly ever."

"Don't they ever? "

"Oh, yes. They do sometimes."

"Daddy?"

"Yes."

"Where did Uncle George go?"

"He'll turn up all right”

"Is dying hard, Daddy?"01T10
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...Nick trailed his hand in the water. It felt
warm in the sharp chill of the morning.

In the early morning on the lake sitting in
the stern of the boat with his father rowing,
he felt quite sure that he would never die.
omo
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"l wonder what he did?" Nick said.
"Double-crossed somebody. That's what they
kill them for."

"“I'm going to get out of this town," Nick said.
"Yes," said George. "That's a good thing to
do."

"l can't stand to think about him waiting in
the room and knowing he's going to get it.
It's too damned awful."

"Well," said George[I'you better not think
about it." 04110
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"Why did you do that" asked the priest.

"l don't know" said Olz.

"Did you do that many times?"

"Every time | went to work in the shed at
night"

"It was very wrong," said the priest. 01110
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The girl came in and stood by their table.
The peasant did not seem to see her. He sat
with his hands on the table. He wore his old
army clothes. There were patches on the el-
bows. "What will it be?" asked the sexton.
The peasant did not pay any attentiond1110]
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But after | had got them out and shut the
door and turned off the light it wasn't any
good. It was like saying good-by to a statue.
After a while | went out and left the hospital
and walked back to the hotel in the rain™
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The code hero, then, offers up and exemplies
certain principles of honor, courage, and en-
durance which in a life of tension and pain
make a man a man, as we say, and enable
him to conduct himself well in the losing bat-
tle that is life. He shows, in the author's fa-
mous phrase for it[*grace under pressure."™
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"What about the pain?"

"Not now. For a while | was crazy with it in
the belly, | thought the pain alone would Kill
me." Sister Cacilia was observing them hap-
pily.

"She tells me you never made a sound,” Mr.
Frazer said.

"So many people in the ward," the Mexican
said deprecatingly 'What class of pain do
you have?"

"Big enough. Clearly not as bad as yours.
When the nurse goes out | cry an hour, two
hours. It rests me. My nerves are bad now."
"You have the radio. If | had a private room
and a radio | would be crying and yelling all
night long."

"l doubt it

"Hombre, si. It's very healthy. But you cannot
do it with so many people."™"
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The Interface of Cognitive Grammar and Pedagogical Grammar :

Focus on "the Ditransitive Construction"

IXEOHIZ

AL, SUECET D357 7 a0 —F O
&OTd DA (construction grammar)' D ATEE
PHIER L, “EARFERESIORNERE ST,
SEEREWGR LI ROTTRNT T a—FIZ LD
EEEDO IR RETT 5 b D Th D,
PRREN S 7 I L7l % RLC. ) ( moved,
Chicago, week, seeing, last, I by, was)) —{{a[>Z &

TROWEIRB B0, ZHUTE & LA AAGE
FRETIIAR, & BAGER G ER S R ERE R

BHECHETCE D, Lovl, EZiudEe b
BAGE TRV TE, S50 LA,
TAUTFEN A £ & R BAGEIGETHS el =
2 2% FLCREEN L 72 (I was moved by seeing
Chicago last week.) & EX D DTEA 5 7y,
IO TRERBETHY, MAT~&Z

Toshiyuki Aizawa

The place of grammar in foreign and second language teaching and learning has long been a critically
debated issue in applied linguistics. In this paper it is argued that construction grammar can greatly
contribute to pedagogical grammar, focusing on the ditransitive construction. The notion construction
has a time-honored place in linguistics, especially among traditional grammarians. However, Goldberg
(1995) argues that particular semantic structures together with their associated formal expression must
be recognized as constructions independent of the lexical items which instantiate them. This paper aims
to convince more practitioners of the importance and the potential of construction grammar. It is con-
cluded that the development of new materials based on cognitive grammar will be necessary. They
may help to meet the professional demands of English language teachers.

O keywords : construction grammar, ditransitive construction, pedagogical grammarQC]

EMEL BB, Lvl, TSN S350
(linguistic competence)| (Chomsky, 1965) Tohiv/zA
Thh, —OFETHEIIRZERHD, T H2R
AFEHGECTHHT-OTNE, HREN D OFH
ule)35F LT ViU B 700, BEEREETE
ZORANEEAZ DT TNDD, BRCEE LA
XHVE D TRV TE, ELIUEETSZ
LHTE D,

H USRS B SUERIELS A, [Z&ido
TRIZBENTWA BERA AT DHEETIEEE)
Z, EEOEETIERZLIZLE D, 420X
EOWRZ F GRS BT D o077 a—F )
BREINTND, —0i, EEAdlexicology)2\ >
LiZ3E5 2R3k (lexical semantics) & MR EN 5, 85
THE Z 2D WEEHEEB O BB TE R Fl A 174t
LTNWBEEZ AT 7 a—FTh D, Rosch(1973)
O T7a N A 78R, BPREN1989)0MRE T

gogooo ooo
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Blay) My No—r 85 CRESRESS
H I —DDT 7 1—FF, Goldberg (1995)4%F
SINB, HESCED L O CFDOEZEOER ST
ML U TEREFF O &% 2 2 (Goldberg, 1995, p.1))
MBTHE, Thbb, e o8& ImrL
TIFE}(Goldberg, 1995, p.1) L M EDERRRE L |
FIUTHER T DL 2= b 0N [y <
bhbd, LTHIFTHD,
BEEIIIGEEBE OEERE OGS, BANE
FEERAE OFSRERE IR HICRD B B EE ED
BRICEBIELIZW B2 5, ZORDITITER
XiEE L TORER LR E L COEEIED
BELBKLEL D, FFEEW &8GRI
A5G BE I ES TE A L Ebh A,
Thb, FEIELEOERMLE ZOHBEESE
(ZRWTE, ERmAICITReclectic) Th 5 = &
RO, W) OWNEEDNB TH D,
LUF T, ZHEBNGEESCRERERERR L
HRROT I —FhLBRE L, £InbEnh
WEE A a=br— g L OIEEBHICERT
B, BEIL, BEE~DOISRTEENLZHT 2,

1. &N X 2EROARR & N

FEEFEICBOTHRNEBER SN 2D, %
HELEBDR BT 21O TH D, HF
D, FBILEDEEROFRIE- CRIRICEB Sh
HHUZ, FBIE(word order)l ZIHRMEN AT B 2 LI
12%, T DEHFROTNZ B L, BHRARE L T
WOEORBHEFETHD, U7 Lo (FEEME)CE
(valency grammar) TiZ, BIEAAN < DORERDY
(Valenz/valence) LV 18 57T L - T, OffiEhza
(B2 1L rain), 1ARERERGEIZIE, die), 2 MBI
ZIE read), 3EEEEAGIZIE, give)k Vo7 5E
BRIND,

[ TH A% 1% (argument structure) | (Fillmore, 1968
Goldberg, 1995)bBEADIRA FVNCEE T 5, &
F& THUCER AR 1 DE it 2 L LogE
(AHPHERELFAOBFRERTON (1]
(argument)] Th b, FI2iF,

1IEfEE © Milly jogs.
2I8#E ©  Lloyd drank the beer.

Andrew lives in Richmond.
3IBtEE ©  Len gave me a book.
Rhonda put the vase on the table.
(from Celce-Murcia & Larasen-Freeman. 1999, p.40)

3fEFE Thh, 3BHEETHIL, BBHROAR
DL TIFEHHALEZE U TNAH O, BFaE
) FE(lexis) TH D L EZ TOAETIIILHETH 5,
& 257, Goldberg(1995) X Ffiz7 5 2 & LTIA
K& 1EHE (argument structure constructions) | 2SMFES
BELRBRLY, EBLEOLONERFEOER D
VN L CTRREARTHEEXD20THD, M
THEET DIEEEE LI T DO 50 Th 5,

1. ZEBAYEEMSC (Ditransitive)
a. Syntax: Subj V Obj Obj2
b. Semantics : X CAUSES Y to RECEIVE Z
Pat faxed Bill the letter.
Xy MIEWVIZFOFRE 7 7 v 7 AT
*%Eo77,)
2. BENERHE L (Caused Motion)
a. Syntax: Subj V Obj Obl (Obl ijiE747))
b Semantics: X CAUSES Y to MOVE Z
Pat sneezed the napkin off the table.
Xy MIK LA ELTHIF 27—
TNANOREFRIL L)
3. FEERAE(Resultative)
a. Syntax: Subj V Obj Xcomp
b Semantics: X CAUSES Y to BECOME Z
She kissed him unconscious.
(R F 2% U TEHAE KET)
4. BE/FBEMHE I (Intrans. Motion)
a. Syntax : Subj V Obi
b. Semantics: X MOVES Y
The fly buzzed into the room.
(FDONTIIB IS AT RS TTENRA~A-S
TER)
5. BREHES(Conative)
a. Syntax : Subj V Obla
b. Semantics: X DIRECTS ACTION at Y
Sam kicked at Bill.
(LT EIZBED 7390 77)
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- T, FUBRASRLR AU DR
BHROENE U DRI, EFEEYRRO L DICEH)
FOSEMICHBFTHOTIIRL, BEDHEID
R EERHE 2 FIe 5, Zhud, WibidEse
BT HEEOERIIED 2 ~)L = 7 ZARJERE](a
Copernican revolution) Téh 5, & HIZ, SEEEST -
BEROBRETITOND, 538 - ULIERATHED
HUVNTRET DT DI ENENDFEEE A <
ONDERDHLEE VIIHETH, FEANTT
U— (H#g) & LTOF v % 7 (chunking) %78
T 5701, ZORSGEHRIENTF vy ¥
TEEZD, UED-T, TSRS
BEEEROFEE HHE & L COFMEN = = THAS
INBERETHAD,

wic, “HBENEEESUIES R Y TT, Mk
EROERDOFERER BB GA L BES B0 5,
RTABZEIZLLED,

2. HHARFEEC

(1) May gave the dog a cookie.
(2) May gave a cookie to the dog.

DHEQDUIMEIZEVRZ D LR TED L
L, EELIITFRTHD L Sh, BT
HEEMZRAZ L HBEEN TV S, L, (I
2L FLEKRD, BRI CERINILE
BHDHDIZAD D, FHuE, STEOBREMHICLR
THDTIIR S L, RETSEFNTETD &
NN EILIUTER GRS LU, Yok
VILERDENGITE L THBDESS ), ZTh
ITEBEOaI o= — g L OBRETY, HEA
HRICEE X A, TR N O ORI 5
TD 3007 T —FEEN TR L THRD
LT a,

2.1 s B0k T S a—F

(1) & (2) ISV FTRETH D Z LiTH
BRE LT, ZOEBIZOWTIEDR LAV, B L
5, FHATUNGEI AL L L, #hiack
7T to, for, of DETEFAZAED LR LT &
BHURIE 1993 %), UL, BESUTOLS %
HAR—IEE 2 6h 5,

(V NPy NPx] & [V NPx to NPy ]
(gavethedogacookie)  (gave a cookie to the dog)
LL, Zo& ) 2R IRIZEMED rTREE X305
(CIEFE LRV H D2 LT, NI EDE
Y Tkbn s Z L1 B 520,

(3)a. *Iexplained Mary the problem.

b.  Iexplaned the problem to Mary.
(4 a. * The book cost me $10.

b.  The book cost $10 to me.

(3) LRAERIEDBENETHEEIE LTL,
donate, announce, recommend, reveal, confess,
introduce, narrate, describe, transmit, refuse, deny 2573
&%, (4)IZE8 LTI, bill, (over)charge 435 5,
—MANTIE, TT U EBHREROFENC (3) Dk
IHRDE DB ENBA, A, BBROE
IR LIZOTIY, 22 A RET
HZLOBENELLBRDRDZ LIRS, &
LITERIE, FHUIANEREFBH I L > UIAEE
HEBDD LV UABET RS L2220 )
RN, TeHTe s, WIFEIIHLT, RADER
RWFEEREE A T ey Y DL DL T
T o AFBRROERHRITAZ L RDH T &
(R BDENL, WTHIUZE X, BHESED 53
RN T DA T, FRFIIEEOEKROE
W, ZOHEMBLEIG SIWEE, A
IZZHOOXIFFEE L LT e T AE 2RO LN
HZ LB, ZHTH, ARV LITEER
SUESTRBUTI T D728 B IR DIXEA B, B,
R SGET | ZHBMGEE OREER b
ZTNRWDTH S, T, RICGERICHER R
HT 77 a—FTE S THAH 0,

2.2 FEEEMGRT S u—F

FEEWROHRE S Y AN TRESNT
W5 TEZA MEFIRes] (B0t %
FNIBRLABDLEZHZ LIZLE ), give D
RRAEIRE, TESD L 2 A BEhE T (B
H1,1994.p.693) 7L L, ()& QEEKIISERIZF
ETIH2WLOD, FHEIZEVERZ ONE L35,
(OIXTRIZEZ ) DFE LW Y FEEREPRAL
N, AADBRDELNIND L) A A—T)TETRE
THY, 7 yF—IERRICEZ bNARFE
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THRIETED, &35, —F, QDL [AA7
7 oF—RoTc ) VD ZEDEHHS TN,
7 X =% RINE 2oL B 2 bl b,
ET D, TOXDREROEBECHETHERE L
TiZ, lgive DEBITERES T B LT
AL TWAEIE LTV,

S HIZ TR LS E VT, BRI LB
kAHEN BERSK N, ZOZ LBBEROE
WD TNB, | EFIET 2,

L, ZOHBIER AL TV end focus
HBHWNE  end weight DRI, ©F Y [FEEEE T
HERzAOKEEBICES | LW RAN
(Celce-Murcia & Larsen-Freeman, 1999, p.24,
Larsen-Freeman, 2003, p. 57)4 Tl 5B &, FET
HEIID, ESIZ, BEREFEFOR ICEE,
M5 S B ~& BB VOB ONEIZ &
AHUE, TEEIORV GRS NS) & FRT D

D3 end-focus DIFANZFET 5,

AR DX edmCIERmIcian, oY,
B3 give I3 give BA LFEREBEL D o DEHKD
AL, giveAtoB EELS ML BOEWRNBAELD &
iﬁbfwé®f%5LwL:niﬂﬁ;a®
ﬁ%’c“fﬁ”)?ﬁ Zitgive BA &P, B OERKE
FOlOlliTgive Ato B LR BHD72, Lk
B \_732 D, I Z CERME(circular argument)?3/E
U2 81, 7o give BA £ 94US give AtoB &
ERD R D DN DYEF5 AT > T
RODTH D,

IHIERIE, (1) PMRAFNTA> T We sent
him a cookie.?D & 9 72 Tl = DFmEli L3
PEEFFIIR, IRER D, BREE<ICH D IRIER
TH5 him [TFHEFEGAPIIR->THEASND
RIUT2 <, VSRAICERDDIEVIBICH D a
cookie ZENMEFEFAFNE > THIFRTH
HI-OITRFAIND Z L0, B EEDS
BEAZAILCNT, ZDZ EHEBROBEBIZ-DAH
B1ETBEIES A MFEEi OB TsE T 5.

WFRUSHE L, 503 (syntax) §, E K (meaning)
HLRET D & T BEEMR(exis), BENE KR
(cognitive semantics) DFRFAZ ZIZR.ON D, £ D
THE, BRRRIUL, BRsBXE L TEXD
BESLEDE 2 Fh R THDLEMENRHTL 5,
TIEENERIZETAHL D,

2.3 WOUERT Su—F

Goldberg(1995) T, [l % DFEFHRA LKA
BFHEUHRR L QD Z L3 D RN 2 &
There is no question that a large amount of information
is contributed by individual lexical items. | (p.1)72& L
7= BT, T L, BRIGGBEDOHMIUKIFTHH b
LT v 7 SR CIIGEEDT —F DT Eatx
72\, However, in this work it is argued that an entirely
lexically-based, or bottom-up, approach fails to account
for the full range of English data.| (p.1)& EET 5,
FHURODHDE LT, HLIME 2RET
%, w20 X5 Sk L oAl T e <,
Fillmore, Kay H72MEZE LEEBIETE b D7E
(Fillmore, Kay and O’Connor 1988, Fillmore 1988,
Kay 1997),

[ (construction)} & i, ﬁﬁ@%fﬁ ZIHRFED
BHDSHISTHDOTH-T, Stk pEAH
DZETHL ST, (2) ORZATENTE
5845 (dative construction)iZ (1) DR "HEH

354 3 (double-object construction) & | XHEFEME &
(N Re 2 2 Lhb, BRELRDHERERD
Lok and Whoid, DUEEAOIERIZFMDR
# the Principle of No Synonymy of Grammatical
Forms| (Goldberg, p.3)VRVEEGRE LT 5,

MoCECAUE, (1) IXZEBREERSCTH
mfﬁﬁwgiawﬁﬁio$b%ﬁ%mg%§
PEAFFOENME L) 5 BRI RE ~ DR,
3L, In this chapter the central sense of the ditransitve
construction has been argued to be associated with a
highly specific semantic structure, that of successful
transfer between a volitional agent and a willing
recipient (Goldberg, p. 151)] TH 5, A6,

a. Syntax: [Subj [V ObjObj2])
b Semantics: X CAUSES Y to RECEIVE Z

THD, [>T, (1) [ZBOTUTRNTY v¥F—%
ZTRSHIIR B,

iy, (2) XIBENER %S (caused-motion
construction) | T ¥, {E12E (causer) B2 EHEERE
(theme)i MBI Z 3T T, RIERNC & A HMFE R
SNARBITIN>THBEIT2, LWV D LD THA,
Hib,
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a Syntax: [Subj [V Obj OBL)]) OBL(RIEz/A])
b Semantics: X CAUSES Y to MOVE(to/from) Z

ThHoH,

WoT, 7 vF—iTRIZEN - TRENLTZZ &
ERTEORODS, RPFERY v F—E2ZT W7
ME D DE ZOEITITERTHFENTE 220,
ZD& D 7 BROE T give &V D BEAIZESET
HOTE2L, H ETHUTHETHOTH S,
FDZEHRSIHIZETTEIE LT (B) 2%
Do

(5) *Bill told Mary a story, but she wasn’t listening.

(5) TiE, F—HAUREN BRI TREEAET
IRV DTERAIIAEY SI e D Z &7
%o HRATED2OIE, ZO X 5 7REH =L
ET7 7a—F bbb,

WoT, ZORWSHERGOE 2 J7kiuE, 3840
BikmofERERnEiSh, XoE %%@Jﬂ@
ZRMICHRI T HLENELS, BURHRORENSE
RO TR EZEZOND, 2D & iﬁ%ﬁ’—”é’
FIZ L > TOFEAM OB 72735 FIREME %
FrorBbha,

IR, ML L BRROERE 2 BR A T~ ik
& D FEREBIRITBNT 5,

(6) * She topamased him something,

Goldberg(1995)i%, HEERKFETH 5 topamased 75§(6)
DX TED LS e BWRAE RO A JiE /55
B, T5HE, 10 ADSFEF maw@&%%
D) BLEEZ 6 A topamased 73 give DEKRTH S
EBZ T, ZOFBRIER) D, 5EEN _HANGERE
L BHROBHREZ B L TOAELNHE) O NS
DTH B (p35-36),

3. GELala=h—ardDA L F—TxA
2

SHERO E DO IE LTI RE(a state) TH DD
WA LT, a3 a=b—y g 3@Eatiork
F2(aprocess) L HE X HALD T LIS, FHENIIE
FLOHITHITH D & R BRSO L O

T# A(Cf. Larsen-Freeman’s Grammaring, 2003), 3C
HHADH DL O, aIa=r—Tailh
‘Eﬁﬁfﬁﬁ)é ASmOBANbIRM L= 51, B’
REEEE CTHIUTHETHIIGENT, YOF
v \IEI LB CH A A LGNS, B \}ﬁ&xé
L, WEZbala=r—va L ES
(declarative knowledge)3dh B Z &/ 5, Fox
L, X, 3t H<H, ZOXHREEIX
BEERRIC T 7 AL, [EMETEWEFFo /- 38R &
REPMTOND, - T, LV aia=4br—
g R UIENEEZ D L, KDLV ERE
¥ (BEFERY) SQEBICHN O T2 Lidoigicke
SNTWDEWRA AR T DHGEERER) 2EET
HVERDHHEEZ NS,

Widdowson (1990, p. IS7)\ZHAUE, SEFEIL2
OOREZRD  FERERLH L &, EORE
TN TE D Z LD Z-OTH H“Language
learming has two sides to it: knowing and doing
(competence and performance)’, 3E¥%, kL 23
2= a TEEICBEVEFAES, FiEr
DOEFIER (V22— DF S motivation (ZiT
V) HAVIERHEESNEENLDOL, R
OFRY, BT XTELLPRITHRIZE LXK
IR, FETHE L ERE bR ER’Y
TRFERR LT SR BRI D CRIDMEE 01T T
B2V, ERERRIIERA I, TS
2 Th, BERIRZBRVOBHEEDAI 22
—a U, FERITETEELERL, Fhunb
FRETHANC Al > TEN L EFIE LVIBEFAZIE, #
ﬂ’i’%ﬁ'gﬂj L, &bia@Eiiie”a vy o bl

OIET D, LWVIEHLLI T e XTI
VY, FEERIZE F 5 30 (lexico-grammar) AR T,
TEREEME S K D FIRR & HAEAIZERY SHU e b,
SHIURRBREFEREOLO L LHAEER X
IR0, WRASITHE L 7Bk A AR L T
WHDINERETH D, B> T, ENOEETE 2
TeF 172 A D FEFIL, Diane Larsen-Freeman
003~ T [EFEOERHAICET28ME
FERO—DOTH Y, FHUIARNT L > TRIZ
U200 T CEMWARET O 1oL 58
7772 grammar(ing) is one of the dynamic linguistic
processes of pattern formation in language, which can
be used by humans for making meaning in
context-appropriate ways. | (p.142) & L& 95,
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Wz huE, ZIEoTEE I —vs
A IFEREIER ) (nonhierarchical)BEfR & HE X HILH N
& LiIeB,

3.1 L1 74\7—ORRECER

REEEEOREAPNE L THUE, B <HRm
REFEILELY, FRETITEE L LD
W LU ST EE T 5 2 &0 Ry, v
SRREE TS, +2RERT I NARHNES
O HEBRETEZ 5N TS SITRIEE 212V,
& T AN, SR 3RFRE THE UERE A
BLTWS (Pinker, 1989), %5 Thiud, BE
LT T AL W IFBENESE LG, IR
E SN - s O IEGGRERRD AR L TV D &
EZ b5, ETAONREEFEFONSG, O
Y, FOREBMED L THLEEIHEINGED
FRAE ST/ IO BET 5D, b EHE
MCHD, TOEKTEEEKRLVD LA,
SEEGDT T a—FOHN L1 SHEERDOEREIC
e B s,

LeL, AMNERECTHDESUEFEOHEITEN
T EIRV R, el biE, KEEREE
355 T 5 Godlberg SA3SHR L QWO A K ERFAD
M7 )0, BARNKGEFEE TGRS L
THBENRTFIUTR B NG TE,

612, L2 FEE I AMOREN L IG5 FE
T 0TI, MR FORERATEA L T
iThiha] Z &b, BRELD)THS HABOR
BEGNDZ L, FERICTE RN, BIb, &
SBEOA LT A 71X L1 7 4V —(first language
filter:L1 filter)%38 L CRBEEND Z L2725, Hi
ZiE, take VWO BFAEFETHLEEL TR
£ 9, R [V—=7 AZFnREHL] 123 b
T3 4 6 8D take DAFIE HHHHIN TFEE
(IR LIz 5, ZRERORBIC L1 OIS
EEEZTYH, Ll 74 V2 —ORREIE SR
WEFITHGED U A MR AT TH S,
FLEEOH i take —FBTHHDIL, ZHOBEREH
Z O ARATGE B ISR T DI TH S,
O Ll 7 A NE—OREEER R NI D D73,
FEESGRNO/LND, D, take OFFO [2
TI1THHIBHDE ZAIZEY AL (HTF, 1994) )
FIZ WD I L THERHRA LA ERD
TIEMTELDTHSD,
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On the Campus life and Consciousness of the Students of Tokyo National College of Technology
Masatoshi Furuya, Noboru Osawa, Akiko Kosual, Yukari SHIRAsAKI, Youko NEMoTO

The purpose of this paper is to examine the future student support plan of this college on the basis of
the data of "the questionnaire regarding campus life". We carried out this survey in accordance with the
middle period goal of the counseling room. Middle period goal is as follows : 1) The improvement of
counseling, 2) The improvement of study consultation, course consultation and employment consulta-
tion, 3) The improvement of the mental health of the student and the teaching staffs, 4) The improve-
ment of the consultation of the teaching staffs, 5) The improvement of the research and the public rela-

tions, 6) The improvement of the quality of campus life.
O keywords : Tokyo National College of Technology, Campus life, Consciousness]

1. FEDOBEM
YAl Ta—rqk, BEREFOER Vo
A EORICE bW, UIETEEE. &
LHELBEL, HESLROBERENRKE
ATV D, ENEEFEMERIZBNTY, FR 16
£ 4 I ME S, FIEMIC—2DIEA
BEL LT HhRAd— b 2EDZ LIToTz,
SCRRHEER L. IEAMEOERIT TEVEmEOR
BOWLK] &, Fhuc kb MEHE(L - B - #
EHROBENO—GORHLE) IHDH LV, V)
EANMEIC X BERBREDPEER S, BLVE
GrLERORBOF T, ENEFIBWHOTS &£
XKV | EEERETLIRRICA-TZEWVWR D,
HENMEE BRNCEEX . KREETHRL Y E
ERRFENTND, 23D ZOEEMEDZ
HRERIINNE ok EEERE T, [#E
WP TERDOHDFAL3 ) ZHIEL, A&
HE N EERAEREOBR] LWV oAm
IRz, EFORRITIGZ LD ET DD,
BAEIZE Y, —FEMT5008HF Y —E R
b Tng, % B TEEER] o
WA, BEMREZ—EREL. B - EEL
EHELTWAHERELSH D, 97 8 SHETHME
AL, EME L, BEMROSELEZRES L, B
% (A4, #, IBE¥) EROBESNGDE
BB EARKRD LA TNG, 910
DX D RBURRERRII L h . AR OEAEMRE

Tk, FAEXEKHO-BORFELBREL, UUT
OHFHFHEZ BT D, OVt 7OR
£, QFE - #¥ - BRROTE, @F4 - Bk
BOAVENNNVADRE, @a T —a
CYORE, OFEHE - ILPIEEIORE, @F ¥
VINAT A 7 DE DI,

AROFAXZER RO EAL, BEV—
EAQEON L BT ET, FAOBKEEX
FRRIRThHDH, £ THAEMREL LTUL, 1
FHENCRT THREMR) OBENZRER AL L
T, ¥Rk 14 FEIC, HRGHEORZE (140
H5MEA) AxtBE L (BHEAFRCETL TV
ry—h BERmL,

Ao, BEAECETLI T r—
b OOTREREZREIC, HREEICBIT2FAX
BOBREELHOLMNCL, SBROFEIERELRE
TOEABEREBRLIZLTH D,

2. FAEIZHONT

FAEEE - HHARICHETSHERM (7 1188)
FAE S HREEE 7 7 AKEML, —FHE
FAERH] - ER 144 12 A

AR - Rk 14 FEAETFE (1,026 4)
FENE: 84. 9%

ggbobogoboboooboon

goobogoooboooon

gobobooooogo



[EN ooboooooooooooboon onooo g

3. BEADOREAENE

B 1 OREREH Tld, ®mFFEICR DIV
BrRNAH LI, 4, SEETIIHNSEDOFEEDN6
IR ATl D REBR ] & 72 > T B,

X 2 OfhTREFRE (FZELSD 1 B ORY5REE )
T, FFFEED NFEALHERE L) @
AL, BFFEICRDIEERAROERILE
FoTWD, Y arOF M (K4) OfE
B (X6) i34, 5FEATEAMMLTEBY, Tk
OEMIE, ETERFRELS & OBRLE X b D,

— B OATERETHLIC D S BEfIE H - Th,
s [Rhs&EFR L 1213810 B> TWRWEET
HDH, kL UTE, MEDOAROBIE LMD
ThY, ERMRFEEELY EORICHIZTIT S

50, FRECEORBICEHD L KELRBETH
Do
B, BERR B (%)
e | 61.3 g
24 4 50 9.4
n Ik l WOk A
o L T Do~ orst
: Os8EFfEELE
a%f A
54

831 WFEAELALY
\ 030441

d OEsRf

= W2BSRILLL

X307 L BRI, & T TRDH
MEA LD, BFEL L6 FOFAEN1H
1B EF LERZRTEBY, 1, 284 T4
HIFROFAEDN 2R EF L EER R TV 5,

X4 O~ 3 CRHARR T, @RI 51F
FRIARFMARM L, 1 BIZ 3L EL Y o
VIR D RENSEATIESBIEL o T 5,

X508y arOfABTIE, A v¥—%y
FAR 8 # 22, RNTH—LFHL RS T
BY ., PEOCHEMAMEIZEDAERIMEFATH 5,

B3, 7L EREERRE(%)

e T e R
_

MECRLL
030%{x
0 1B
B2 L

14 W9
o B2<L{FEbhiEN
0304941
3% m | O1esREt
B 285/ {2
4%F 6.1 232 £ 4 B3R LE

&,
54F 29194 13.

5. /Y OHABM (ENEIE- %)

13— uk
F—LFA
—RMF A
HMEFA

0tk

X6 DFER (FANLSNDOESRE) TiL, K%
F£T NFLA LT i&wj%imﬁzﬂwé L
ML EFETIIHE THRERNSE X DM
4. SEATIIH S B OZENTEHRRFHE E@
EHIZOTTWDHEITHD, £z, Hhikref &
OHEELH Y, BBBHORWHEIZEHERD
Hx 2EmB R LN,

H6. & E0%)

69 | 288 [i46 BIFLAEEELN
2o B3] 317 | 203 47| prgicmems

3¢ i«--.-33_,:w 313 13.1 o EHB‘JI:&A;'EL\
B

%)
45 8 382 . ! 30.9 B AVEY BT A
N 5 R AV
54F [12.9)--30.2--{ 374 17.3




gboooobooobooooobooboobooboooobobooobobooon |

K 7 DEREIFICHOWVTIL, P 9EEL O%E
PMEELTEY., oA AMNE THEED
B ThY., [KERGOBE KLY )
LORIRANZFIH BT 2BRE ThH o7,

B7. 5 BEoRALHMABNGEREE %)

HoTLS
FTRORHOER
LOTLARTED
Rk OAR
HRBBRO KD
BLexUERLT
SSEMABRLOY
wAnAFTED
FHOoTRWNEFRREDS
HELHKTES
ot
BLENEENS

8. {HH#E (EHEFE- %)

FLE

A 3—2vbk
e

RE

&

£33

2%
BRekE

82.1

0t

Ho. IS OERNBRLREVNTT
(EREF-%)

nE-Tx

INBEROEE

JAV =>4

BN
HOLLERERITTEL
oM

BEORL

BRARDOKA

X8k, HOFOEERLERFELHDOTDD,
HEHRFRIC OV TORIZRFERTH D, ERFREIT
FLERK 8B, ROTA ¥ —Fv b, FHD
NEIZ 72 o TUuN B,

M9ix. BHoZEx R s Film B8 e 5
ZTEANRPHIZOVWTORIZEFRETH D, KbE
HDBHo O TRELKE] T, KT TR
(B THoto, U PERDKELE] OEBEIN
Erichroicxt LT, TEEORE) OB
DL DIRWRER E R-> TV D,

4, BEA0 TRRCEL) & A 20T

£ 113, 15 BB ICHOWTESEAORK - L0
BEPFEINNCEHLELOTHD, RTHEH T
ROELHD | TRRELH D] ORFD I S—E
reRR LT,

AL UL, MBI L T B bBELRE
< RV TEZomE | TREICBELT) THho
Tro THET v 7REREE) FEEHOML] %
b, [(RFR—Y ) LAREOELELRS>TEY,
[Ty Iav iz X0 b@m0bBELERLT
W3,

EEBEROER X, SRFEE LIRKRE O
DFRUCETT 7 &, TEEOR¥E) I5H
DOBLER L TWDDS, THAERTEE) ~OB
Bk ERoTWA,

HEM OB T, @FFEITE (Rt © (R
=y R TBah - &% ~OBL»&EE SR
ihB, L, BEBFROERICELTL, 1%
ALTEE] 2RV T, BEFICRDIEEELOK
THARLN, #Hic (BEORE) L TnRa g
WELTIE, 1 AR TELOKTREET
HD,

X 10 ix, BHEEECTHMATZVERS72Y L7t
BRICOVWTOREIETHD, K< HDI TFEIZH
HlDEFHE BB LT —EY MRRLE,
2 FEATHUANETRAIEMBROND D, £F
FEL L TROEED, GHEABETHALIES
TR EF > TND 2 EBmho T,

# 213, BEHAFRETRLDY RECMAFEON
i, FEICHEBRLAELOTHD, XTIINMA
Bl Hd) [R0Rhd] OFFHO/—E |
ERRALT,

SEIORER R CIX, BECRERAEG 25, &



M

FELL, BHEAFEONARPARZEHBO by 7L
RoTWVD, REMICIE, FHRETE & bITHA
PREEAEELEEICHY . 3. 4 FATE—
M2 DR EHBBZ,

(S804 TRE ) [ Y- KPP 1L 34F
AT, THEER) THEREE) T4 FE TR BARRK
BEE-S>TND, FHEHEEBIZS5FEICRD L
HROARLERENBBT HDIX,. ZOHFEN, 54

ooooooooooOoooooooOmnoobo

ORIECHEEMTENEL, RO RBEL LDV
12 AcEBSN-T-DEEZLNS, 'V

CORREBE X, FAREEL LTHLIERD
@Rl Y o 7EWITLT, 3. 4FE4EES
Gl LA ZERBRBRODOTMR T w2
U 7HD, Pl AXEE S BERRICRET
LDUERDHA D,

F 1. BEROELDHLHIIE
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
o X
5 lulel =l % |8 2.2 8 % a2
ag 3 s -5 = 7N =)
IR IR IR R IR 1R IR
H oIS » < g R H ~ s “ ol 2| » * | =
D g L & Ll &l vl @ 51 = = | =| @ X| A fgj
% T T| #® B 2} | ol 2| 3
- i A ] % v
#® @l =l
14£183.3(784)636|665]594{57.1|689| 51 |422(645(449|37.9|38.2}39.1!16.1
2% (81.4|754(70.1 634|649 51.6|665|626|586|484 402|342 (278305178
)
ié 34£1{872(805[779|745/619!651] 53 [64.2(49.7| 55 |30.6|359(256 (239|168
44836788754 (79.2|67.1| 72 {55.7|509{60.1|509]322|34627.3(27.3|152
54 (778(816/726|625|735|592|522|585| 63 |33.3|32.1|27.6|23.1(15.1]|179
2T |829(788|716(69.2|648|61.7] 60 |574| 54 |51.5|36.6|344 {309 |28.1|16.7
T2 EHRLEFTRHIMNLGEONRABLE
B0, BEEFTROEIT 1 213456 |7}18] 9110
o~ =2 . %
14 65.7 323 B £ H#t ] . ®
LR SRR IR ARSI
d ol m| P B S| g S| b B ] A
Yo | | E| B 8| B M| gl X| B B
24 59.3 b 37 ) x| &| L Pl w| OL| &
™ ~ & RE
3% 74. 222
14F(83.3(59.1143.9|446(383|338/402|274|235(248
e oo 225 24 |757575{49.7|52.7|44.7|454 1357|383 (272|289
[
E 34 833|746 |653(64.2(55.2(52.1|476|465]39.9]343
54 71.8 $ 245 44759616707 |555|506|44.7 434482356362
54594 57 |425(31.4(484(36.7|44.1|23.6]33.6]203
BH3 OELLEELIEL O%L
2k | 766|621 |545)|50.6 (471426 |41.9{37.2|31.4|292




goooooooooooooooobooOooooooooobooOoooo N

5. MEAFBICETHER

X 11 1%, EHETESERICOWVTOERZERR
Thbd, FTEML OFAEN THMPIHERE I
DFBH) EEIZ L, RWT TBENEREY HIZD
15 %o T0 5,

FHREORET, ' KFEED by FHER TK
ELORIELXZBEL] Thol-ml®LTH, &
BEARNR Y FRZBMNEREZRFF > TSI &R
b, ZOZERXFAELLPEMMEICER L
ESEOHERES, AL OEFIIT S I
LSRR ZEURICE US> TV ARRTHLH
A,

X 12 1%, EEAE COBPEROEBIKBR D
RIEHERTHDH, B - BBERE LI-FEDL
Bid, FEETEEBICHEML, 5FEATLEER
DN 8P - EEMARRE L2 LEZL TV
%, LA L. BEFEDSFE4THREERO 2
WEANAEBROMEELHD, 1 F40D 3F4E
TIE. BEEOFENRT v A TREIEER % R
DO TWRWIREICH B,

BIEN R EBREIR, ARIE TRLE) 28
LTWBIETTHD, FRADRBEHL SO,
FAETEREELEL, Xy 3A0BNIERD D
kb, BEEBREX Y RXRTATOFIIED
KRICAIET D _&ED, SBROFAIEROKRE R
HEELWVZD,

131k, F¥ o AORIZY Ty I ATED
ZERNH DM, E Vo ERICET ZREIEFERT
5D, MIBDOFEANR X ¥ /NARNIZY Ty 7 R
TELEEMEMELTEY ., 5FEETIEEDOL
TR 4EGE A LTV 5,

5 44 CIRGHT A OB T2 DI,
IR ZE AR TEZ A L Bbh s, &
BTl L LTARYEH DD, #H=E, KEME, B
EOWET, 1EETEENER [BEFT) Lo
TEY ., PEETE LI BEIN 3o8bo
HrrnArshd, ¥

UL, @¥EoFEiRY 797 A TEX5EY
FridZ2nEmEL TR, sy e d ko7,
B o BOEEFTIIR - ThnWE 9 Th b, F
AEN TBENRD ) Z & OHEDEEFIL, [F4A%
MoOBECEHEN) M TED V), W 5H%IT
BB S< VO/EENDL L, PAXERER
T AIENVLETHA I,

E11. B TESERE

HMHEHRZDITD

67.4
WEXFEREEHIZOTE
FRORIEERD
REEORMERE
B3O EEMILT
—RERAEEHZOTE
BHFBMERLE
BICEREGL

EEQDARPEE MRS

Eeral=x~al

LY
| DEBsEbLRLL
ORITh

55
(2P LY Z ARV £43A)
u PR

6 . FAROREBFITS S Ml

X 14 13, SEAE~O WRE) 220 To
ERTHD, BEAEC TREWE) IR0 )
) &L, TRR0RR TRERHR) &
IR LT —tr hERRLT, IR
1EAT6 EFRE 5D B, 2FAELMRE TIIRAM
L., WHICRMIRONE 2, FRIC 4 B4 TIREE D
Rk & 22> T 5,

M | IXMEADOFBORETIEIH DB, £
D YN, FEEROREOHIEE ~DH Y #H
A BHAESRCREREELRITTLEX
bhd, FAXBEREAHRFT L ET, R TR
WRIOERICOVWT, BRARBENLETH D,



[EN ooboooooooooooboon onooo g

X 15 1L, SHFICxT D4 A—VOEE R
LOTHD, M40 ERE) LRI, &%
DA A—=TUBRAERLY MELE) ET5F4E
DOHFRIT, FEETEEDITETL, $ZA A—
U KT LR &35%4E0 294 ET6E
b EH TS, FRC 4 E4 T 7 ER0%4E
B, BEOAA—UN HKFLE LEEZELTH
B
X 16 1%, REEOERFICT OHR KL, ¥
LOHWTRIZLEZER TH D, BOMFRROS
ERIZFBEDLERTH o120, 2. 3FEADRE
FIXEFICHT 2 HEEME TEHEICH B, F4E
KB FEN O O 2 2155 7= DI,
EEOHEIHE+SERLTHL LW, REEAD
O OEEBCHREFO S, BAEMAZRERY HA
PUHEELEEXD,

R4, BEEFORRE

mER
OELLELLNALL
OF%R

H15. BMEDAA—2

14 258 | 50
24F 19.7| 66
. MEEL
34 [13.7] 236 | 62.6 O EBLELLREL
. — DETFLE
4% 79176] 746
5% 112 224 | 66.4
Hi6. ROBRIZH T HHFE
EELD
O&ELLELLRLL
OHEL

X 17 h6R 1913, BEOEE O LAY
&) TAMAES ) THED B0 iZoW T, 2E0
FEAFMOBRTH D, £ L LTE, TR
beA T A BREEEB L, BRLUWER SR
STW3, FHELE T, BEOY I AFMICE
W, FIZ2FADEBLIAZRDEHETH D, -
VAT AFHMII 2 FATEHL, SHITHSHEAT
B4 5 2 BRFEOME B O D,

FRBEORBIE., TOHEBOBNFTHIH
BOBGREINCAD L ZANKEV, WAEIOH
ETHE, BELWEBEFHMmS RSN, ZOHED
HEFHL, TEEoT) Lo T#EHE0N) 2=/
TO, FAEEOHV ;T (FELORTOHE) I
REEASND EVZD, BINRHERED
BLED- O, HEORER EIZmx, BEEE
) ORENOLD, BE—EZA0H Y HEBER
T AUERHA D,

H17. BHEORLAPTE

WHLAHPT L
OEBLELLRELY
OBLAIZL

£ A
OEBLELLRELY
O gL

E19. YAV OHAHBEIX

£
O&bLELLAREL
O b7a




gboooobooobooooobooboobooboooobobooobobooon |

7. £&®

AHFOBBE, TREEEICET LT or—
M OGPREREEIC, EREFEIBIT2¥AEX
BOBRBEEH LML, SHOFEIERE R
THEMERABLZ L Tholz,

FERBRE ST UIRER, L FOFATEOR
BB BN T,

1) B e ehimbs oMk & AR 2 FH EIH
DFET,

2) MEORESLHINGE), 1TF, FASEDSH
DOEHAFEER~OBELERED, ThEEK
AN RERE X85 T,

3) TRECHE RSN D, FEEFEED
REFER ORI X DML i, HiZ T
WZeh ot o IV EORH,

4) B REEROBORML L | FAEOR
BRAY 72 B D A~ DOFERRAY 72 348

5) FAZED [FEET) S5< VICERE,

6) SMEAFOWRE AR EELHTERD
AL, BEA A — VMR LD
BRI TR OGS,

7) REENLDEBELHMREED L TE,

8) FAEMNOEHEIND, HEOBHEOM L
&L BOBWEEY — XD,

9) BHEORIIS U BEROFEZERD
BEIDLEE, FRC 24, 3 #. 4 FAE~DX
BRI,

SRIOBBAIGICEAT 2MESRIL, PHEER
EHLETHHMES THo T, BONIKET
X, THA M OBERE DM T £ TRt
EMZDZENTERD- T, TH5REER], e
B, TEEMEER ) 2% —U— Rz, HEM®
BN % R & BERE AR FEA T3,
FERERD TEHLFE L2,

Bk, SRIOFEIL, T1HE LWV o KED
FEEBICH 06T, FHEE L TEIEE
L, BELERAZVWEFEWEZAOEE L, BiC
LW, FAEICH A L TR nWBEo R4S
W, ZOMAEELBEY LT, LDIVBRHEPLE
FET,

1) Frk 16 FELESSEEMERESHEICRT
5 3CHEH S KBRS

2) KREEPHFHE () 2003.4.14

3) FABE LIEFEHFT IOV TORSER
2003.7.28

4) KFEFREFEBRBEOLY HFICETH 7y
7 bF—ARERE () 2003.9.11

5) #ifgss AR a—b [EEEOEE ] (&) H 5E
FE) OFFRANAE  2003.9.26

6) HRITE¥EKRE FAXBEIV—XI7IN—7
WEE, 2002

7) IRBRFE, FEREHE, 1999.

8) fEILIKZE, 2001.

9) ABOEL&HEFEMFROEY FIZET 5%
e BAAERR 2002

10) &SBAFOFEHIIZHIT TORAR (2)
— K X T +—F LOFREME—
T LERSFHEM YRR EE
% 34(2) 5 2003.1

11) HEEH - FAEMKEL LY 225
2003.6

12) % 6 Bt A FFEERMAAEREE 1998.1

13) HREE - FAEMBREL LY 215
2003.2

14) HAFH =T L - BOFR
(R - AT O S | 2003.10.6

15) ERK 13 FFE R E O E
21 A OHELE] p64 2002.1

CER15%E 9 A30H Z#)



ooooooooocooooono 0O0mooooOrn N

Jotdbtdbotdbotubotdbotubogbogboubouboubouod

00 0°00000ooooo”

Issues on the Current Education of Engineering Ethics and on Attempt for the New Curriculum

Yutaka KawAaMURA, Koji KawakiTa, Keiichi Asano

Technological development has vital importance to modern society and gives us great advantage.
However, technology inflicts damage on human beings and/or the environment in some cases. We must
minimize the technological abuses in order to maximize its benefit. Accordingly, it is time to consider
the ethical problem facing engineers. Teachers at Tokyo National College of Technology (TNCT) who
have different academic disciplines have been trying to establish the teaching methods of engineering
ethics from various points of view ; ethics, history of science & technology, business administration and
so forth. This article will present a tentative plan to incorporate engineering ethics in the five - year

course of TNCT.
O keyword : Education of Engineering Ethics[
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Prototype Development of a Holonomic Micro-Robot Driven by Piezoelectric Actuators (1st Report)

Katsushi MATsuBAaYAsHI, Odai UcHipA, Chihiro HIRaANuMA, Toshifumi Kosaka

Various micro-robots are developed in order to realize the "Desktop Factory"”. It is the system that
throngs of self-propelled micro-machines, that are equipped with machine tools or measuring devices,
manufacture ultraprecision products. Because of the limitation of motion characteristics due to the
mechanism of conventional micro-robots, the feasible operation of those robots is also limited. In this
study, a prototype of holonomic micro-robot that has the ability of omnidirectional movement and no
limitation in its feasible operation is developed successfully.

O keywords : Holonomic, Micro-robot, Desktop Factory, PZTO
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An Interpretation of the Genus of Defined Curve for Algebraic Geometric Codes

Hiroshi IcHIMURA, Masato Suzuki

In this paper, we report an interpretation of the genus of a defined curve for algebraic geometric
codes. We were able to calculate the genus on defined curves with all non-singular points and were able
to guarantee the propriety, but could not guarantee that with the singular point using the classical
mathematics. We were able to infer the corrective genus with the singular point using the gap sequence
of rational functions, the degree of differential form and Hasse-Weil-Serre theorem.

O keywords : Algebraic Geometric Codes, Genus, Differential Form, Euler-Poincare' Theorem, Riemann-

Roch Theorem[
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AW IBBECHRDLLLIC, REBBAST W T
Hamming % %, BCH 5%, Reed-Solomon 4 £%)i14
RTREBORABEFECHE MR EBHLATY
5 10, BFIRCBIHRTHFOME ST LT
WHEEXLY, ZOZ T EMISHAONE .
LRBEEMPFLAEBILILEIEELRER LK,

RESAHFSOME D202 Tk~ k& 3,

HEHTESRKkD I EHEIHEREGF(Q D g,

B niL, GF(Q LoEHRBROFHIA,

RKEREBROETHEHBRIE OFHAN LN,
REBAFEOHETH S, Reed-Solomon ¥ 5
X g=0,

CHBEAO—OREARAICBUTO AREREH
%), Riemann -Roch D EE» L KN, HHEE
BrEl, ERAOUOPHEXNLEBR (ERRE
BR<, HERE niCtHOALERL, TogEX
BHRECRS, BRLSE Kk IBIBAOBE
MIMFTONTERDS, ZOKEnk IREHZO
TRZERD,

WO EBRTIREEEIL, FEBRRLE
RTOMEEMEERT S, “OHEEEXHE-T,
FHBRLZERORERZ LT D, ZEH/SE
KWZORERSE2FRE (W) L7 b D% syndrome
LRER, BERCHESTHEMEALZTAEZO
syndrome {3 & CH 5,

« syndrome BENHEENEZRIETIO08EBORH
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Thd,

HEBEORS, MESHMShALLRMHEL, BY
TEXIT), BOoTERNAESTEOKE T
], ZEHECHEXOBERBECREL,
FEES O FHEIX Gauss D EENEIIR- T
W3,
cBORFTIERRAIIREERE 4 KE&ET D, RE%
AFBIZBWTE, 20 d ik, BoEXosE
HEOEDALBERIZIBWT, BER3EKRE
ko THhED, 2OFEY 2, ARAE (¥
FR)LTIE, REHBEBIdZz RS,

3. REBMAFEOEME(EHEED
FHREY I 1, RESBAFBORNA*BRERKL
TORELLTWS, #-B-fo—BBrHEBEL
TR, REBWBASORFHERE L TKROL D
REHRZZBELTNS
(1)HRE  #I2GFRM
(2)FEAZTE
F R R
PR -
(3)E#H
BFREER FXY,2)=0
affine FERE  f(xy)=0
over GF(2") OFH A, HFHBK
(4)FEBHIZB7 5 Riemann-Roch ® F
HBEBE oMM
MAUBHES, RERUEEOBE
CEREHS L LTHRILS
(5)EHRMM over GFM T BT 2HuHX
W HROEE EO image
Riemann-Roch @ & #
WA DM
MM, RERUCER*OBE
SRR OMI T E LTHERS,
(6)HE (n, k, d) EBFLVHFELIZ
(k/n, dm) DEGHE
(B HFERIZBY D
M AER L FHRAOBE
(8)RYVBRH -3TEMWER) LIX
1THIHE
BRI BTABM A
TR R
(O)REBMAHFTER - EHEORKOKRE
RAIEMEE COET L HBE OBtk
#0551 syndrome DHETELE FOBEK
UEDEZEORMAICIBNT, A@BECEIERD
R %
« Euler-Poincare' ® AR
+ Riemann-Hurwitz @ 2 X,

affine FE1Z %

®

- B F# £ D Riemann &
- ERHBR over BRBIEBITIERRRVEBRA
TORA - HHKR
OBRFEEZECLT, ENBEELBEIZ LT image
BICHMCEDLIICIRT S,

4. BEOER
4. 1 ZEHHROBEICHOWT
TE AR (UE AR i
« Fermat B FREER XM4YNZE=0 @
W1 x3+Y3+z3=0)

«Klein % x0-ly+yn-lzezn-lx=o @
2 X3Y+Y32+23%=0)
- Hermite B X0+YM-lz+yzn-1-g ®
13 X5+v4z+YZ4=0)
BHdH, REBARFERBWTE, 205, 8

AP £ L (Hasse-Weil-Serre @ FRA X n =
g 2V g ®, =L g 3K, q IERKD
A%, HEBEMIIEER Klein B3 L U Hermite B
ERBBSHOONS,

R gk, HEADLVWERMBRIC
& ¥ Riemann-Hurwitz @ AR 4 5

g=(n-1) (n-2)/2 @
LLTREY, REHEEBICBVWTRERETHY,
EBMROBBERTEERLOTHS,

EFMMEDOEMA Q I LM FEBE
X, Riemann-Roch o & 3

L(mQ)= {fijl (div (fij) +mQ = 0,

BTk n

gk m € AR
HEhh, ORI @IE) I
dimL=degL-g+1+i (L) ®

7272 L (L)X, Special Index & #r L, HHEBEHKZ
i L LHEBERCH I B ENERQIC A,
&ipY, MM UIHBEBE § O g ERELIC
725, 2T affine BE1EF% O Hermite 7 TE 2 #h#R
£(x,y) =x>+y*y=0 over GF(q) ®
LR Q(0:1:0)
Bz B L, MAXBEBEIIT
LmQ) ={1, -, =, -3, % ¥, -4 =5, X2, xy, ¥, =, %7, x%,
xy2, - (LA T } )
&Ry, B g=6 DT RERERN I -,i=1,2, ,6(%
BRIES) BEFEET D,
e ERMREOKLEAZM QD Riemann-Roch
DEE
Q (mQ-Z ;" Py)
={w ldiv(w 3) -mQ+Z . »P; 2 0}
RFEL, QIARA, P, il 2 -, n it ERA
PRABR (BB EMRTIR). @
LUORED, AR ;i
o =f o ®
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ThY, EORTIX

dim Q=deg Q +g-1+1(Q), 7{Q)Special Index @
ThHY, ZOLEROROFERETH D,

wlt, ERRVCEHERELOKRD 1 KEM5 O image
FDOLDOTHD(H 1), HEAP(p, yp) ICBNT

(0 10 x)pedx=-(3 /0 y)p+dy ®
B LD, T,

WAOES dx I L DEE(I fxy)/d x)p BEEDM

(T BAPEMR) B, METHILHMIES &y

WWEDE/R(I fxy)/d v)p BEBEHIENL)
kb,

w=dx/3 §3 y)p=-dy/(3 #/3 x)p ®

X, FEA P ABCOERHROBHEERTHEE
LBRTE D,

f

(38 3% edx

X W

(30 3y) s dy

I3

1. EBRCHERL LD 1 REMD D image

4. 2 Euler #%{ - Euler-Poincare'Z: 3\ - Riemann ifj
¥ g X, BAIAYICIE Euler 2K, FOWNER
Euler-Poincare’'® A K42 6, £ L TRESMEB 21T
Riemann-Hurwitz O A b E X HE 5,
—%, Riemann i @ torus (i% & $¥) O IR (ZE R )
LHATERICBT BT 282 ORI TE S,

%9, UHFEOERE, BHEELTEALEKAL
WLk > THULEmEEFnEFh vivertix), I (/ine),
s(surface) & 35 &, Euler DEHK

- (v+s) =-2 @
BRSO ([E2), 3A#HD I, v BET s i,
ENRENG6 4, 4THY

I- (v+8) =6- (4+4) =6-8=-2
BRI (@OXEYI THP), W23 A#OH T
HEH, A, A%, SMFHK L TEESLKT
LAY Lo, THBIEE USRI R (R A
BRWEETHo T,

RO H D EH AL, Riemann & CEILRAZ DO H S torus

%t vl

B 4. Riemann H TCOHEDI K

(BFER)TCIDZLERIZLAEV, ZTITHE
hicg o,

torus DZERRE % g £33 &, Euler-Poincare'® AR

I- (v+s)=2g-2
BER Y SEo(E3), g2 DBE, 18, v RO s B,
FNENIL2, 6, 4THY

I-(v4s) =12-(6+4) =2, 2g-2=2-2-2=4-2=2
BRABEY > TV B,
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¥ IZ Riemann [ (= B3 D %2R (22BR) O % % torus (X
4)TONTRIZEEL LD,

ZEREHRE gL LL D (K4 TiX2), torus NDOZRR
BEESIORYYOBHEE, o) B;G=1, 2, -, g
D2oMH5D, E/- Riemann Fix, A2 1 >DZIRR
KEHERTWD EARL, AZROBEIEE o o
B ex £T5., TELTZOHAROZEROEDIZ, BE
EBETAMOLIIZ, RRAIOBOEXELTDRL
iE, ADfER2 L3, O LMD

FESK on BRg = 2g-2 @®
BEZXD,

MDD Euler B3, TOHEL L TO tous LD
Euler-Poincare' D A R & T FRIRMRNE 5 2 72, &6
2 2g-2 BAENTEFEM A Riemann @ OB DB L —K
TEMREYEZDBZENTET,

Wi, ERBBROBEEHES

+ Euler-Poincare' ™ 24 X

+ Riemann-Hurwitz @ A5
NHHETHLZ LT B,

4. 3 FRMBOBEEHE

REBMHETL AVS EHBRIT Hermite B T
HB, Z O Hermite M2 HIZ L THEEOEH 2 HBMH
EREMICRAAL2D, TLTETIE, BRADOLVES
ZOWTHRAB,

A. BEROHOERBROBE
Hermite 2 E & AR over C(EF ), n € BAK
¢LT
FREER F(XYZ2)=XM4Yrlz1yz0-l=0 @
affine B AT f(x,y) =xn+y“'l+y=0
=L x=X/Z,y=Y/Z @
%% 5, affine ¥ EO@KIL
fxy) =xn+yn'l+y

=Nty (y1-2+])
=xMy (y+a)) (y+ay) -+ (y+a,.p) 03]
=0, 8 € C, i=1,2,- n-2

LERBETX

« AR Q0:1:0)
nEHIETIEAnLHE
P (0:0:1),P5(0:a):1) ,P3(0:a5:1) ,++ Py (O:ay 00 1)
THBH(ES5),

BEREP -1 Ho T, FERITHEHBRE n BiITHE
LTW3, Zhid, n KoK (EHHHR f(xy)=0)iz
BT, nERAEZFEOEREMN 1LY

K BIE A% =n(n-1) (22)
THhd, Thid, 1 K@ (ERICEVIEONRDLH
{& @ Euler-Poincare'/ A XD B W T, HEAK v H

v ERAEEAS)
©Or0:1:0)

ik 32
i yyexty™ Ly=0

xh

j=3 Py

onEE
i
répn-l
---------- i An-1

5. affine - 1H £ > & 28 th AR O 87 700 Bk

vn(n-1) L7225 2 & (RTEAER) 28%d 5,
2egnm— 2=n{l — (v+s) } g HEBLTE A HK
=n-{{ — (v+s) } gg+n- (n-1) (23)
Z Ui Riemann-Hurwitz @ 2=
2gix—2=n Qgug-2)— I plep-l)
ep; 135 P, TO I % (24)
Tb& %, Hermite B EB#BRF T QDAD L S (T,
ERE -1 ICHBET 50T
2giw— 2=n{l— (v+s)} gg+n- (n-1)
= n- {-2}+n- (n-1)
g %= (n-1) (n-2)/2
Ry, OXEDOLDTH D,

B. #ARZA T2 RRBROEH
BEROAFETIERMROBEE g 12, ROK
$n=1,23,456,728 o7
0,0,1,3, 6,10, 15, 21, ---
n D HRD oder THEMT 2, REBTHFOHREHRE
BZBVLWTR, Zhb0Mith2BELLEICRS
TL %, 2O % < 5T, % R A (Singular Point)
ERATLOERBBRPLELRY, TOEHHKROS
MEABEELEET D,
BRREFETIEHZHRIT
IR BER
F(X,Y,2) gnguie=XMHYIZM4YTZ0 =g (25)
affine B HE
f(x,y) singmar=xn+yn'm+yr=0 (26)
7270 nl>pm=Lom>r=1
Thbd, (25X
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f(xy) singularzxn+yr (y"™T+1) =0
IERTE D, H Yy 3, HEHOB € C9 LT
y+b;, i=1, 2, -, nmr BICRESETE D, TbD
BEEEPLP, P, CHLnEOBERE L,
IOZ L, | KERERICIVIELRZIHED
Euler DEHOXICBWT, THAE v 4 vnlnmr) &
RHTERBIERB EE%RT S,

R BIE A =n{(n-m-r) @n
ENTIRY RAERDHERIIMEEKRT S0, 2O
BREERL L,

Yy EABRT DI RAE Ponguar (00D & LK I,
TR, BEMBEBEMEARLSYE, ZTOBRRTO
ERMBRORI B NERAMENRERCIIERE
DR B, TAE, REEFED blowing up # 22)-25)
WIVHRSBHESOBREBEMRERDT L HAKSM
HEBEOZRBRUBBIIHESNOLTHD (BEMRICH
REFOFARTBTIEZOROBRRE~ELZ & 2 H
HLO., RKOEBEEFITRIEL T Z 5,

£XY) singular=XO+y2+y=0 (28)

CORBHROAERRE QIO TR L, Z0&E
RA(ERER)VBFBRARTHD, EH ETCOERM
BROBHEROO0DETO-LDDEIBVEZXKG6. all
AT, BMEERATOERIBVEEZEETIEDIZEFRK
FERBTS XO+Y2Z3+YZA=0 © Y # 0 F O affine JEERIX
KUz B,

f(x,z) s;,,guh,=x5+z3+z =0, x:=X/Y, z=Z/Y 29
EHLETCOBRRAOLORCEER OL-DDOED &
WERG6. bz, ZFLTHERATORMEBEEZR 71
o
QO XZE zIZHOVWTHREDET D &

+23+2%=x3+23 (2+1) =0
b, BEAPOI-DIIZENT x Bz 5 Biggd
(78K 2, HEA QWL X, xBiZE s EI
BETHER DA, HRz=x(C#0O)ELE3E
WKEL, BRRIEIBVWE T 5, RELARIT 5-2+(3-1)
=12 &7, BRBIEAE=12:BERTE3, 2h%x(23)
RITRAT B L

2°85 % singutar — 2

=n-{l — (vis) } g PR TH R

=5-{— 2l mgt+12
=-10+12
=2

ThY, B 85 & singular=2 LB,
RIZZOZLICHL TRERAFSHEREL T
DBRPOBRIEL X 5,

- HEBEROERE

s RO KKk 28-2

28) X, QXD FKREER
F(XY,Z) =X3+Y223+YZ4=0 over GF(20)  (30)

f D D

e
-2
-3
~1 =1 53

-3 3 i ] El

o 1 2 E)

AERA(0:0:1) T EORD MV b RA(0:1:0)THOES M
6. X3+Y223+YZ4=0aver £ K D affine &

=8

EREERR RS
Or,0:0:1)

¥

i@#r#:pz(o:lz-n
B7. MEROWEEEE

@ E R F (Principal Divisor) /3
X=0 — F(0,Y,Z) =Y2Z3+YZ4=YZ3 (Y+Z) =0
div (X) =P, (0:0:1) +3Q (0:1:0) +P, (0:1:1)
Y=0 — F(X,0,Z) =X>=0
div (Y)=5P, (0:0:1)
Z=0 - F (X,Y,0) =X>=0
div(Z)=5Q(0:1:0)
div (x) =div (X/Z) =-2Q (0:1:0) +P; (0:0:1) +P,(0:1:1)
div (y) =div (Y/Z) =-5Q (0:1:0) +5P; (0:0:1)
ey, FEBEKZEMICET S Riemann-Roch @ FH
@A LA EBE f 1L
foo=l, flo=x f0=x2, fg1=y, f30=°, fip=xy, -
BREY, EREQ COBMNERENEFN
0,2, 4,5 6,7 -
LRy, ZEREBMNEITL, 3THD,
ZDZELY
Sog=2
QmQ MO 2 EHLL D,
AR Q TO—BILBHIERIL tg=y/x3 THHHD,
QRXoH s ER OB
tp=X, tp=X%, dtp=dtp,=dx
th3=y, x3dtQ+th2dx=dy
xO+y24y=0, x4dx-+dy=0
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dx=x%y?2 dtg
w=dx/(9 /3 y)g=dy/(d 13 x)q
=dx/ 1Q=dy/x4Q =x4/y2Q dtg, dtp,, dtp,
=02dtq, dtp,, dtp,
& ip %, YR F (Canonical Divisor) i
div () =2Q(0:1:0) +0P, (0:0:1) +0P, (0:1:1)
ERY, RBE
deg (w )=2=2g-2
Thd,
Sog=2

C. EEBHBROBEHR %

BRSLH-OLZHM Hemite FERBROBE LXK 1
2R,

gy My (M Mz0-1=0) | 2 < m <02 GD
BT nBBEEFE 1B\ Tilnd, 6)DFR gD

- BB MENHE

cFHEBEOTEREREHE

s W BROKEEE
DHEAFTHBE L R->TLES LERD A (g FHAE
)., BEREABRECHI O T, FRRLAZHEIESR
HBROEOEBRIFEEZRRENRER»LHEIT LS
B, TITEREORDYIZ, BIER3IOOHEFEIC
Hasse-Weil-Serre @ [R 51 2

n = g+l+gl 2V ql ®
LM T, BEOBBEEEETDHLICLE, £0Z
EEBEICAT,

1. BRAZ2BUERBROBE B
& a0

k:=X/Z, y:=Y/Z | x=X/Y, z=Z/Y
x4+y=0 x4423=0
x4y 24y=0] x3422423=x5422 (z+1) =0
x4 y34y=0| xHz+z3=x342 (zH) (2) =0
x5+y=0 x4z4=0
Oty2ay=0| x3423+2%=x3+23 (2+1) =0
xty3ty=0| x3+22+2%=x3+22 (z+) (z-4) =0
Ity y=0| x3+z424=x5+(2-1) (z+a) (24b) =0
x6+y=0 xB425=0
$O+y24y=0| xO+24+27=x6+2% (z+1) =0
x04+y34y=0| xB+23425=x6423 (24+) (z-1) =0
$Otydty=0{ x0422425=x6422 (z-1) (2+a) (z+b) =0
x04y4y=0| x0+z+25=x0+2 (2+a) (z+b) (2+¢) =0

t1

t2
t3
ta

g ool o oflw ~ ohe

ey
<

HEY 1 xHyHy=0
» xHz24+23=0 over B R
2g-2=-4-2+4-2+0 (BN 3L 1 FUT vertix), .. g=2
« GF (3) HH /R Py (0:1:0), P, (0:0:1), P, (0:2:1)
P3(1:1:1), Py (2:1:1)
GF(3) DHH, AERIT IS5 A,

FHBEOERF x=XY, z=Z/Y
div (x2/z) =-2P,+2P,
div (x) =-3P,+2P;+P,
div (z) =-4P+4P,
772 U div (x/2V2) =P +P, x/z12 § L(mP,)
- FRBEYIX
{1, -, X/z, X, z, X3/z, -+ }
ThY, ETRE®1ITEDL .. g1,
c—BILRFTER  tpi=l/z, tpi=z, tp=x
dz=zdtpy/tp,, dz=tp>dtpy, dx=dtp,
WMAFR  w=243 dip/ftp,, /X3 dipytpy, 1/22 dtp,
EERF  div(e)=0%tp,+0-3dtp,
R deg ( » ) =4-3=1=2g-2
COFER g=15
« Hasse-Weil-Serre 0 R R X
5=n £ g+l+g| 2V q|=3+1+g2 ¥ 3. |=4+3g
e=0—-5=4 F@&
g=l—-5=7 BY
15=n £ g+l+gl 2V q|=32+1+g|.2 ¥ 32|=10+6g
g0 15510 FIE
ge=l— 15516 B
LEm bl e=1 LH#E.

WET 2 S+y2+y=0
+ x6+z244+25=0 over B FE K
28-2=-6-2+6-242, . g=2

F1.
R i 9 BRI )

Kx,z)::i;:—fzs'&l) Or,0:0:1)

w082y 82(6z+l) zODEH 52

=28+ 52002

=0

x6+(6z)3=0 & x4 =0

il 3%
HAR
X0:10) <M

Ly § z=0)
= B EPL0:1-1)

K030

B 8. x0+z4+25=0 % B A DHUAIHE &

« GF(3) HHE A Q(0:1:0), P, (0:0:1), P,(0:2:1)
P53 (1:1:1), Py(2:1:D)
FEBEROFRF x=X/Y, z=Z/Y
div (x3/22) =-3P;+3P,
div (x?%/z) =-4P+2Q+2P,
div (x) =-5P; +4Q+P;
div (z) =-6P,+6Q
div (2z+1) =-6P,+3P3+3P,
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7L
div (x/z}/2) =2P +Q+P,, x/z12 & L(mP))
- FEBEFIT
{1, -1, =, X3/22, X2z, x, z, X5/23, -+ }
ThHY, ZREHR2TRDbL .. g=2,
s —EALRBETER tp=1/x to*=X, tp=X, tpS=tp=22+1
dx=2xdtp,/tp;, dx=tg3dtq, dx=dtp,, -
WATK  o=2/x3 dipftp, 2/x3 dig/tg, 1/2z dtp,,
BERF  div(w)=012dtp,+0-15dtg+03dtp:+03dtp,
R deg (w ) =12-15+3+3=3=2g-2
SRR g=25
+ Hasse-Weil-Serre @ R &3
5=n £ qt142|g v q|=3+1+2.g v 3=4+2|.1.7-g]
ge0—>5=4 FF
g=l— 556 EY
g2 o> 5= 10 B*Y
UENOER =2 S HE,

BET 3 xS+y+y=0
* x8+23+25=0 over & F I
2g-2=-6+ 246342, .. g=5

z¥h

ERAERRS)
Qpr 001

it 371
fxzynbezded
b2 2(z+iXz-1)
=0

x ¥l

B9. xS+23+25=0 % R A O E

« GF(5) A H R Q0:1:0), P{(0:0:1), Pp(0:2:1), P3(0:3:1)
FHBEOXRTF x=XY, z=ZY

div (x2/z) =-4P;+2P,+2P4

div (x) =-5P+3Q+P+P3

div (2) =-6P,+6Q

=L
div (x/z12) =2P,+Q+P,, x/z12 & L (mPy)
- FEBEIN
{1, ~1, =2, =3, X2/2, X, 2, -4, x422, X3/z, -+ }
ThY, FRIEH4TRDL. . g4,
c —BALRFTE tpb=1/z, tof=z, tp~tp;=x
dz=zdtp,/tpy, dz=zdtotq, dx=dtp:=dtp,

%5 76 K o =zix5dtp /tp,, 2/x5dtg/tg,dtpy/322,dipy /322,
YR F div (o ) =0'8dtp,+0-10dt+00dtp,+00dtp,
R deg (@ ) =18-10+0+0=8=2g-2
SHER g=5
+ Hasse-Weil-Serre @ [R 7,
46=n = q+1+2l. gV q|=52+1+gl.2 / 52
=26+g|_10.l
g=0—-46 =26 FAE
e=l—46=36 FJE
g=2 — 46 = 46, g=3 — 46 = 56, g=4 — 46 = 66
=546 =76
UEnoEEez2THY, dor5 LHE,

WET 4 S+ytty=0
* x6+22+25=0 over i F
2g-2=-6-2+6-4+0 (FA3L 1 AU vertix), . g=7

z ¥
ERER ERAERE )
fx.2psOreig P (0:0:1

=P ozil) Or 001
WS b2P U b241) 2ODEH b2
=546 529
=0
B 820 & x4+ bz=0

b3 4 8 ]

HRR
QO:1:0) X

10. x6+22475=0 % B K OPMH 15

- GF(7) AHEA Q(0:1.0), P1{0:0:1), Pp(0:3:1),
P3(0:5:1), P4(0:6:1)
FREBHROERTF x=XY, z=Z/Y
div (x) =-5P+2Q+P+P3+P,
div (z) =-6P;+6Q
div (x3/z) =-9P,+3P,+3P3+3P,
7272 L div (x23/213) =3P +P,+P4+P,
x23/213 % L (mP))
- FEBERSNIT
{1, -1, -2, -3, =4, X, 2, =5, =6, X3/2, X2, X2, 22, =7, X¥/z,
x3, x2z, xz2, -}
ThHY, ERERTTRbL. . &7,
- —BRTER x=XZ, y=Y/Z
div (x) =4Q+P+P,+P3+P,
div (y) =-6Q+6P,
tQ4= 1/ tp=tp,=tpy=x
dx=4tgIx2dte, dx=dtp,=dtp,=dtp,
W5 K o =tedx2diy/ (y3+2), 2dtp/ (y3+2),
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dtp/ (y3+2), dtps/ (y3+2)
BERTF div(ew)
=03-8+184t, 00dtp/tp), 00dtp,, 0Odtp,
=013dt, 00dtp /tp,, 00dtp,, (0dtp,
¢ deg (@ ) =13+0+0+0=13=2g-2
SRR g=15
e b e=7 LHE,
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Differential Equations and Linear Algebra

Minoru Haipa

Here we would like to complement our lessons in linear algebra taught at our college. We apply linear
algebra to solve linear differential equations. We omit proofs of some famous theorems. Please refer to
books cited at the end.

O keywords : Differential Equation, Linear Algebrall

1 BREARHOER

THE 1.1 BWEB U »SBEER V NORFES it LT, #%M (image )
Im f &#%%M (kernel ) Ker f %

Imf = {f(@)eV;Zcl} (1.1)
Ker f = {ZeU;f(Z)=10) (1.2)

LEET D
EBE 1.2 m T nflOTH A= (a;) K&o>TERIND, R" 15 R™ NOREEHE
Ty THET. BT AW 0 ROEHTHOEE, AORL—RTr (4) 2. Tr (4) =) ay

=1
LEHETS, £ AD pEDITE pEDIIORET BRI MNSRA1TFIZ A D p K
INTFIE WY, ZOFARE p KAMFHAIREWD, I5IIZ, ERITH P EFEL T,
PIAP AT ERBEE, AL P THALIREE WS,

TR 1.3 A= (a;) EmiTnFlOFTHEL, rank (A)=r LTHLE,
dimIm T4y =r, dimKer Ty =n—r. (1.3)

EoT. T =tz ,20) ETHEE, HER AT =0 & n—r BO 1KHIE
mEbHD, -, KR :

dimIm T4 + dimKer T4 =n (1.4)

MER DI D,

P rank (A) =r KO, ERIfTH P,Q BWEEL T,

- (5)
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WO D, 722U, E & r REMATHIT, O BEURBRTINET S, TOEE,

dimIm T4, = dim{AZ;7 ¢ R"}
= dim{PAQY; ¥ € R"}
= dim{*(y1 y2---yr 0 0---0) € R%y1, 4, - ,yr € R}
= T
—H, P =Q 1T EBLE, AT =0 & PAQY = 0 RABTHB75,
dimKer Ty = dim{Z € R"; A7 = —6>}
— dim{7 € R% PAQY = 0}
= dim{’(0 0---0 Yr41 Yr2- -¥n) € R™ %41, %r12, Un € R}

= n-r.

HLIFEH. O

TR 14 A=(ay) B mTnFOFFEL, rank (A)=r &%, ZOLE,

r o= A®LRMIEFINRT 8V OERK (1.5)
A DO 1RBILIRTAY L OfEEK (1.6)
= AD0TRWMIFARDERXKE (1.7)

Bl ADEiFE G LU, =t (2 22---2n) ETBE. AT = 210 + 1285 +
ot apa, THENS, Im Tyl al,ad, - ,a, KL THEDBND, EZAT, #H 1.3
&V, dimIm Ty =7 TH5. &> T, (1.5) BNEX B, E5IT. rank (*4) = rank (4)
THHN5, (1.6) BEX D, BEIZ. A D 0 THRWMTHAKXDORAAEE s £ T3
& A DMMTFHIT

Aiy5; 0 Qiygs
#0
Qijy G,
LB bONEND, ZOMTHND s FDFINT MVE 1 KMILTH BN 5, @’,a_j;, e ,a_jj
H1IRBNTHD, LENST, (1L5) £0. s <r THD., #iZ. (1.5) &0, 1K
Wiz r WMOFIRYT MV agl g, - ,ag DEET D, TOEE, (1.6) &0, 75

(g ag - ag)ldr B 1LKENAITRY PV (apigrs Gpigss* + Opige) (1 = 1,2, 1)
EZHD, TDEE,
apiqy " Opigr
#0
Ap.qy " Opg,r

THHENE, r<s THb, VAT, s=r /(5. O

TIT, BEMCOHERMICENS DI, EE 1.3 OIRAFAEL T, KOEEZMEMTL
TH<,
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TE 15 ARITmAOEFNNEL, Blidm T nANOFHETSEE,

—m + rank (A) + rank (B) < rank (AB) (1.8)
B T AL THEENS, Im T 05 REANOBIFERE T 95L& . Im T =
ImTyg THENS, EH 1.3 L0,

rank (B) = dimIm Tp =dimKer T + dimIm T
< dimKer T4 + dimIm Typ
= m —rank (A) + rank (AB).
. (1.8) 25, O

&
a{:
(@)

B#IZ, THIOBEAEM - BANY MU - AALLCET L EHEZ X EOTHE<,

EH 1.6 A& Bldn REATHNETSHLEE,

(1) |[AB| = |A||B], Tr (AB)="Tr (BA)

(2) A OEAEE Ay g, A ETBEE. BBEMTH P ATEHELT. PIAP I
AL A2, o0, A EXRARS ET D EEZATH (0> THEHITRTD (4,5) KRN0 T
HBTH) EixB,

(3) (2) DEME T, [Al = A2 A, Tr(A)=X+Xe+--+ A

(1), (2) . (1). (2) &0 3) BMESNB, O

EE 1.7 n REATH A ORLD k BOEEM A, Ag, -+, M KRHTHEEXRS b
at,ab, - up W EWIZ LRSI TH 5,

BEER {RIC ul,ub, - L up MLKMINTRWETSE, HBHHERKI (I <k) BFEEL
Ty W, uh, -, 0 ELRMNLTHB—H, ul,ud, -, 1S LREBTHO,

UGt = a1t + caup + -+ Ul (1.9)

BT ER e, 00, ¢ € CHEET S, ZOEE, (1.9 OEBITENS A 28
Fo &, w,ud, - ug MADOEERT M THBHIELD,

A1ligs = caul + codotis + -+ + aNT (1.10)
2155, (110 oA (1.9 ZANs &,
Ag1(er + cod + - -+ W) = el + codo®@h + -+ N
RO DM S,
a1 = M)A + oM = M)T3 + -+ a(Ng1 — N)ul = [
£2EB5, ETAT. ul,ub, -, 0 S LKREITHENS,
i — M) =l — X)) = =calp1—N) =0

T%éo 51T, )\l+17é>‘i (i=1,2,---,l) K0, 01=CQ="'=CI=OT560 Ln
L. 2oEx (1.9) &0 @l =0 &40, FE. LEd-T. a,a,--,al & B
WIZ1TRMLTH S, O
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EE 1.8 Aldn REATFIET S,

(1) A WMALTTETH 272D DEBE. AR n HO 1 KM ZEENT FILEFD T
EThH5,

(2) A DR 2 o HOBEEEE D TE, HALETDH S,

(3) A DEBALERMN (t— A (E—A)™2 - (= Ap)™ DEE (TDEE, n; B AD
BEAME )\ ODEEEEND ), IXRTD{ (i=1,2,--- k) IZDOWT, BEHE N ITXH
5 1VRMSNZEERY RVS n; BT OFETHL. A THALIRETH 5,

SRR (2) & (3) . (1) &EHE 1.7 K0HSR, Ko T, (1) DART. A OEAHZ
AMoA2, Ay &L BT BEENY MVEZENENG, WS, -, un ETHE, AU =
p¥rT (2—1 2,---,n) MROILD, ZIT, nBOEEXRT RILEFIRT FNTH DT
5% P=(u] 175 cwy) EBLE

AP = A(d} @ - up)
= (@ A - i)
M 00 0 A 00 0
0 X 0 0 0 X O 0
- @@ --a| o =p|
0 : 0
0 0 0 n 0 0 0 A

MDD, 2T R W, @3, , 0 DEWVICTRBNTHSETHE, EH 14
L0, PRERITHS, Lo,

M 00 0
0 X O 0
plAap=| ¢ . .o el (1.11)
. S
0 0 0 A

MR DILD, WIZ, A DNHALTRETHZETH L. (1.11) DLIIZ. P7LAP A
TN/ XS R ERITH P BNEET B NS, (1.11) 2EVWEROEFEZHIZZEN
W, PO EDOFINRY IV A DEWIZ 1 RMIBEENT ML THDZENDLNS,
(BEEEZD B AA. TORATHIOMAKD THD,.) O

TE 1.9 (1) EAFMTING. EREHTH AL L.

(2) EHTH (TAA = ATA 2HT1751 A) 315 UFH (U MBI &7
5175 U ) THAILTEE,

AR AW O
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2 TEHFRHBEHSAER
EE 2.1 n ROFEATH AITHLT,

AY:= E = (n ROBAIITFH ), exp(4 Z

LERT S,

EH 2.2 n KOEHTTH A, B M AB=BA BT LE,
exp(A) exp(B) = exp(B) exp(A4) = exp(A + B)

MELDILD,

BB A, O

TE 2.3 BOBGHEL—EMN) R 25 R AOBEK f(t,Z) 3. ¢ ITDWTHEK
T @ DRD 21,22, , 20 ROWTRBATHETHDETD, ZO&E, HHIERME

d
827 = f(ta?)
Z@) = @

iZ, =1 D0EH D,
FEER  HE&. O

TE 2.4 AW ERTD n ROEHTH, 2,7 13 n KITHIRT Bb, 8Hic 7 EE
R M ETBHEE, PiHERE

%? = A7 (2.1)
20) = o (2.2)

i3, EE1D0)
Z(t) = exp(tA)d (2.3)

BbD. bol—RIT. b(t) REXSHEER n KIHIAY MLETHEE, HIH
e

%7 —AT+D(1),2(0) =1 (2.4)
iZ. R 1D0f
Z(t) = /texp{(t~s)A} b (s) ds + exp{(t — a) A}

2HD,
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SR BE0AREITIWN, EE 23 &0, 24) BEE1DOREFED, TIT. £
D—ERE D) &L, Y) =exp(—tA)T () £B<L &,

57 = exp(—tA)(—A)Z + exp(— tA)jt?

= —exp(—tA)AT + exp(— tA)(A_:?+_b))

= exp(— tA)_b>
L7ei-C,

t
7(1&):/ exp(— ds+ﬂ
21T, EH 2.2 &0,
t
2() = / exp{(t — s)A} B (s) ds + exp{(t — a) A}

|

T 2.4 DEHT T, ABNRARTEREE, Thbb, o O LRMIBEEXRY b
NVEEDEEI. exp(td) BEBIIRD NS, T2bb. A OEEME o; KT BEE
RZMVD1DE BGE=1,2,---,n) &L P= (0,03, ,05) £BL &, PIAP T
Q1,09+, 0p %i’ﬁ‘ﬁﬁiﬁc‘:?‘éﬁﬁﬁﬂf%éﬁ\b exp(tA) = Pexp(tP~1AP)P~! &
STETE S, exp(tP71AP) Met™ etz ... elon ZXMARRIT ETORHATIITH S I &IF
BHICONB, TOEE, (23) &0, (21)-(2.2) DRI T (t) = Pexp(tP~1AP)P~' W
TdH 5,

EZAT, T o= e®p(i = 1,2,--- ,n) EBL< & TNBIEFASNIZ (2.1) D 1K
WL THBMNS, —RBIE T = claT{ + T + -+ Cpiy, EBTBH, TTT.
Ci=ten, e, ,0) EBLEL T = Pexp(tPT1AP)? THBENS, (2.2) 2HZT
ODOEMEE. T0)=Pd =d. Thbb, ¢ =P 17 THd, ZOIENHH,
(2.1)-(2.2) DR Z = Pexp(tP'AP)P~ 'Y HB50 5,

KIZ, ADBRHALTERNEZEEZ S, A ORELER. BNZEREZZNETH

fa®) = E—-Al=(—-o)™ (- )™ - (t— o)™ (2.5)
pa(t) = (t—oa)™(t—ag)™ - (t—a)™ (2.6)

EL. BEE o iIINT2EAEHELARERAEERZ2ENTN
W,, = Ker (A — o4 F), Wai = Ker (A — o E)™
ETBHEE 1<mi<n; (1=1,2,-- k) THY,

EH 2.5

dim Wa, = n; (2.7)
Rn = Wal @ Waz @ ot @ Wak (IE.*[]) (2-8)

MROEDZ ENMENTNS, LENST, EB 1.7 L0, & W,, (i =1,2,--,k)
DHIZ

(A—aE)% W £ 0 MDD (A BT =10 (2.9)
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EHTEE B, (0< B; <mi—1) BEETDE D7 1 RN & = i) An; M (
j=1,2,--,n; ) TOHBHIENONDB, ETAT, (2.9) BRDIULDEE,

exp(tA)W = exp(ta;E)exp{t(A — osE)} @

t2 P
-2—!(A - OziE)2 +---+ E(A - OliE)’B}E?
LEHETES, LENST, (21)-(2.2) DT exp(tA)wy (1<i<k, 1<j<mn)®
BIAREG &0, (2.2) AT X ITRKERDILIZE N,

B%IC, (21) N2 =7 +125 (7}, 7o WERZ ML) 2RIZHDEE, TOER
T T bMTH D, 51T, BL AVEEN=a+i8 (o,  IEEEKT. 5#£0)
FEAMICHE, BRTHEENRY VD1 DN Y =0] +iv) (o, v5 EEXZ ML)
ThHEE, (21) 1

= eto‘i{E +t(A—-oE)+

Z(t) = MY =B +ivd)
= ¢®(cos BtU] — sin BtT3) + i€ (cos Btvs + sin fto7)

BRIZHOMN, ZOEHEELD 1 KMIBBTHS, UL ¥ & BEMBEN=a—i8
T BEERYT MV T =0) —ivy EMLKBITHBI ENDOMNS,

3 WHHABRXDEMHER
o AR
d
;ﬁﬂ = f(tv 7)

D1OOmE u(f) = Ha(t),y(t) ETBE. t AKE<RBIONT. & (2(d),y(8)) 1
oy TEEEHL. TOROM<BRER o) ORB LV, oy FEERICHEHEE
WH, EHE 2.3 &0, BMOBEIZHHME (2(0),y(0)) NEBNITZDSIEN, INS5T
RTOBEOBEBDN LS, 1 DOMTE LI MAN DREZH N ERE, HE
BEE WS, MPEREOBUEICE, ¢ MBI ONTHEEDA (2(t), y(t) B
DRECRAEDIF S, ZIT. MELHE%ETS,

{2)-( 1))

O—BIRIT. z(t) = aet, y(t) = be? (a,b FEEOEEL) THah5., HEENIZ.

il 3.1 WMoYy AER

2

a,b#0DEXITET S, y= %IZ (z B 538 3D B1HE DRHIZ DB E)
a=0,b#0DEZFRETS, yil (RANSESNDMEDKAIZED)
a#0,b=0DEEFRAETS, o8 FFERITHAND KEIZED)
a=b=0D&EITETS, FA
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oS (K12,

Ay

N,
-

Y
? 3
N
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—<

1]

fl 3.2 (ARAERLTSOEFERSETIN) WH t BFB, oYU EI14>
DS BHEAELHREOBELEZNEN o(t), y(t) ET5HE. ELHIC,

(2—:: = (A - By)z, % =(Cz-D)y (AB,C,D REEX)
EVIWAHBRANLOLDZENFHETES, ZOMFEROS 1B, K (8,4)

EHOET S, RFFFHE D OS2 S. CORBERMTHD, FHREN

# 3.3 (RLC B®%) #E&H R 2 L. A>T oH¥— C %2 1HETOORWHER
2 RLC EEEND, BRZE 2. 2T 09— 005 BEZ y &HB< &,

dr dy
L-— = —_— _— = -
y — Rz, Cdt z

{()-(18)0)

ENHEHFBANKD LD, ZOMERRIZ, L & CHEERTR>0ELEEE,
R 1

L I ) DEEENERTHENEND, FEETHAINELNREIZLD,

Thbb,

-
© o=

751

Q-

- 0
R>4 /% R=/2% 0<R< /%, R=0 L34 DDOHARTKRELHHEN S,

S& 3k
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Evaluating toxicity and treatability of chemicals by activated sludge respiration inhibition test

Ryo SHoui, Noboru NARITA

Various human activities, such as industry and house keeping, have produced a number of chemicals
containing toxicants, and most of them should be carried to sewage treatment plant. In most of the
water treatment plants, biochemical treatments using activated sludge have been adopted. Because of
biogeocinosis of activated sludge, it is difficult to imitate treatment mechanisms and degradability. In or-
der to operate safety to human health or ecology, it is necessary to develop methods that enable us to
control toxicant throughout the detention period in activated sludge treatment.

Bioassay is generally studied as a way to evaluate toxicity of chemicals. Activated sludge respiration
inhibition (ASRI) test have already proposed by OECD (Organization for Economic Cooperation and De-
velopment) TG (test guideline) 209 as a bioassay method for ecotoxicological safety based on the change
in respiratory activity that can be measured by DO (Dissolved Oxygen).

In this study, significant and useful approach was represented with results of 9 chemicals from ASRI.
Comparison of ECso (effective concentration to reduce 50% of the respiration activity) values at 30 min
and 3 h led biodegradability and removal characteristics of chemicals. Chemicals that EsnCso were
lower than EsominCso were indicated long-term toxicity and persistency.

O keywords : activated sludge respiration inhibition test, removal characterization, toxicity assessment,
ECso valuesl

1. LI

RIEER R ABEENC L > T, Ha DAEFER
FEENLEL DILFEMEMMELNTEY | 2D
X1 FHEBLA TS, TR HE-STHEYMED
EELHEML, ABMICAEREINT-ME R EITR
BETMmInIc W roRELEE TBY b
FHMEOEBII—RBEEICR>TETWD,
TN otk L EME B S ATEHEKIET
IKALBRZZ 3 B CHE S, BEPICHIRT 5
MEA~NELND, EAKIZELNDBEITEIIL
HAEEBRDIN, TAEFENTOWEFERORED
TFARAMEBSE CUBEEN TV D, < O T RLES
T LB L 72 TEMEIR IR & 2 A9 F 4L
BERITHON TV D, IEEGTRITEROM A DL
AT, ENEERAERERER L THLEDILHE
EMEDULBED A J = X LRTEMIGIE DO ALELAE
OBACITERBIEFICE D BWHT 7 v
IRy 7 ARNCEER AN TE =, Ll #Eko
WER—BEEC > T F IVEEDORWN

WEDBHHRINS,

RAFT v A X RDEDOEEHREEYHD
JIREMENLPMET A FIETH D | L BAICHER
ENTWB, EHIEREREERRIZ OECD @
FARNTA RKT4 2 2090% 18081922 |2 &
NTBVMEELRWT v EMETHL, Zhit
EMEIBIROIERIEM ) L AME OF E T
42 F1E T, BT DODissolved Oxygen)
ORENSHHRIZHBON D, T OFEITREOHEF
RN BRESCHEREORM LR OREBHEICo
WTIIERL 2BRMBsh TS, . #ich
COz £ RRIC & HIFRFEERBRCHE AR E, ATP,
BEREHEOREENOB/ONIRBRILH Y, F
WIXREICENT-HRBRLH D2, DORIEICLD
MEREERRPROEHE TCRRIEENTWS
RRETH S,

IR FREREBRO T Rl A > M 3045 & 3 FF
B Cdh 2 DM EHIZLER TH 223, )7 THE H>
SFFERFIEE LTRBREMNER DO B ¥—0
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BEZRBLTI0DDAEZ L RIA4 LT 5
ZEORE, WAL EN TV ARapid ASRIY),
LA L, BicaMstzimT oo Thiid 30
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AHFFE TS LTz 9 R DILFEME % Table 1
R LT,

Table 1 Chemicals tested in this study

Chemical Cas No. MW,
Phenol 108-95-2 9411
Thiourea 62-56-6 76.12
Cupper (1) sulfate 7759-98-7 159.6
Catechol 120-80-9 110.11
Aniline 62-53-3 93.13
2-Mercaptobenzothiazole 149-30-4 167.26
Potassium cyanide 151-50-8 65.12
Resorcinol 108-46-3 110.11
Boric acid 10043-35-3 61.83

TN OWEITER BRI EE LTRSS &
BICAWLNA TR Y BETICEHERE TRIESH
HHG 85 T OFEYI AL B AR D LT
Do

2-2 JEMEIH R BH = Bk

FEME B IR DOIRIRIEME D HALEE DOF EM %
FHETAEER T, OECD OF A A FF4
209 R ISO8192A & L THIBRIN TV B, Mk
EHEEF O DODissolved Oxygen; ATFES
F)E % 7= (100-833, Shimadzu, Kyoto, Japan)
L. ROMSEH X5 OUR(Oxygen Uptake
Rate; BARHEBEEE Img/L-h) TR L 7%,

OURI[mg/L-h]=—(DO—DO0w),/t—to) (1)

DOo: initial DO value, to: initial reacting time

HIZVEH L7z OUR 23T & » TREl R
THRLE,

Respiratory rate[-]1=OUR,OURo X100 (2)
OURo: initial OUR value

REBICBELTIX1I00ml E—h—% 12BAEL
THZ %22 CTEE L,30min ¢ 3h TRR%
1B TREFIZ DO 2 #I%E L7z, DO fEiTM L
7o 2[EDEHEE Uiz, BEIK 23+£2C, BRRE
1% 2000+£200ml/L min & L TITo 7,

2-3 F— XM

ECso B D 7= $1Z Ecotox statics Version 2.2
EHEALEZ, AEEREBROT —F 2X@ITT
Lim AT 4y I7RICT7T 4T 47 LT
ECoo #EH LTz, RFIZX 2 F#fE L AICUERE
EEELEH L,

Ln(y/(1—y))=b+a-x €))

y ! respiratory rate, ab! constant, xi Log
(Conc.)

3. MR

TEMHIETRICHERYE #BE L. OUR JIERIZ
BRA & 1IEDT DO L EHIE LT, Fig. 1 (ZHEE
$R(I)80ppm #MRE L 72D DO ORREEL%E
LT, BR A LD TR IEHETBIRAMER % LT
Wb E DO DOELHRAELNS,

DO OEMIISITER CHELTE, ZDHEE )
» OUR 75:?%710 —#%E9Z DO 23 2mg/L % FE
BEEHICERENND LEINTNAEDTE
B&wio CRREGIE L, OURIKMEELZ
THEETLEMETZE LRI, BRREE
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Table 2 ECg and AIC values of activated sludge respiration inhibition test and nitrifying bacteria

respiration inhibition test

Activated sludge respiration inhibition test

Nitrifying bacteria respira—
tion inhibition test

Fig. 1 Changes in DO when exposed
Cupper (II) sulfate 700 uM

T AHEETTDO ESBkR LR 70X DO &
— D BRRENCATHE L TWEMERE B R #
ED-HThS.

FARERMGEEL-DICa L Fra—, 3047,
3O OUR 2RXWIC L » TEH L TH(@) & 0 I
WREAEN LI, HERRAOAEERRE Fig. 212
FLT., BEOERICONTRERIIBDERL
7. —HREGIC, YOAEMmEE o TH ARER#RIE
nYAT 4 v 7R TERETE S,

WEESA(I) DIRBEEE 3 B o HEEAHRE 2
CAF 4w 7 RICERBLIZEEZDOBEEERX LTI
T~ L7,

X2=16, AIC=1400

EMISRMREERR CIRESROREEA R
BiAVEEGE TEEDOREICN L TERMIC
BRABENMONTEY O, ZOEDIZRIAT 4
IREDBEEMNME RolntE 2B, LL,

E30minCso EsnCso AlC30min AlCy, ECso AIC
Chemical (ppm) (ppm) =) =) (ppm) =)
Phenol 570 0.30 1600 1400 33 500
Thiourea 47000 250 1400 1500
Cupper (II) sulfate 54 29 1500 1400 26 300
Catechol 10000 58 520 -
Aniline 140 2500 750 730
2-Mercaptobenzothiazole 15 34000 660 720 2.2 660
Potassium cyanide 0.061 20 520 600 66 870
Resorcinol 1.1 53 710 750 25 -
Boric acid 7.6 2900 530 -
10.0 120
A
80 L OUR;3omin=2.0mg/L-h 100 + ©
! - . a
~ o 80 [
< 60 } ®
ab
E S 60
8 40 + OUR;3,=0.8mg/L-h E
2 40
2
20 20
00 i 1 0 1 i
0 100 200 300 1 10 100 1000
Time (min) G {ppm)

a  30min respiratory rate
O 3h respiratory rate
-------- Logistic regression curve of 30min respiratory rate
Logistic regression curve of 3h respiratory rate
Fig. 2 Dose response curve of
cupper ( II) sulfate

1000000 -
2-Mercaptobenzothiazole
10000 Boric acid ¢ .Aml_‘_f}‘a':
" Thiourea
o ®
= 100 } Re§9r01nol
o . e
L Potassium Py
S y | cyanide ¢ Cupper (11) Catechol
5 .« sulfate ~ ®
Phenol
0.01
0.0001 Eos ' ' ‘
0.0001 0.01 1 100 10000 1E+06
EsominCso (PPM)

Fig. 3 Comparison of EgpminCso and E3,C 5o
derived from dose response curve of
activated sludge respiration inhibition test
exposed to various chemicals
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E3hC5o &V EsominCso DFM/NEL, 3 BFIELD B

BOFFMEBETHEMENREND, DF V) HEMN
ﬁ%w EERTOTEMEFEREEETL2LVAD,
Jx)=h, AFa-b, FARFEIL 3 BERI O BE BITEDR
Wiz, ZHIEFMOBBIZE CTHEESRBIEL
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EsnCso & H 1T < | EsominCso TIZMLOBHE LD 2
HiLA BBz, 72/ EanCoo BMFFICIED o7, &
NOIFIAGBERLEYERICBWTHRRFBEICEEY
KIETZ ENMERINTEY, EHIGIETH FERIC
PWEREENRRATLEZ L B2 N5,

HEMYWEOESRRIZIZEHCEM AL T, B
M E2ETH LI EFOHEMNREYV., Fig. 3 T
EsominCso & ¥ EsnCso 23/N S WHEITREHIMECE
ENTWVWAED, Bkt nweEZbhsd, £
515 L URAENEL SN WESEEEF T
H2H5DTHDHEBZZLNS, £Z T, EsominCso & D
EanCso B/NE Do 72)-MTOWTEDHER E
OUR DZE) % B 72, BAIEEIL 4000mg/L. 3§
BIEE T 10ppm TEHEREITo7, #R% Fig. 412

~L7,
12.0
g0 | T e
g Q
S 8.0 x\
T 60 | LN 0
oo
- 40
o
2
o 20 + —-0— OUR
—a—0C
0.0 L L 1 |
-100 0 100 200 300 400
Time (min)

Fig. 4 Changes in OUR and
concentration when exposed
phenol 10 ppm
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HE20RTVHHEIEEEL RECMRE SN
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TERFHRTEBLEZLND, BULIXTEHEFERD
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vEAHEELTHEEFETREMEL VW25, &
NER#tB L CEEEREFEOEMIGIE L KEHH
BEDSTIVVER & THEMRBORMKFEIC OV
THBEZITH 728, Fig. 5 123V aniFkEER
EXD EaunCso & EusnCso DB AR LTz, T 6l
vkPRERERDF — # 1% OECD Ecotox database 7>
HEIA LK D, JEMEIGIRMR R ERERIC T
FAVMBELSRESNTWAN, W rao AR
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Fig. 5 Comoparison of E;4,Csp and

E43,Cso derived from dose response

curve of Daphnia magna acute
immobilisation test exposed to various
chemicals

55 8 OWHE T EaanCso £ Y EasnCoso 23/ S VME%E
LT, ZAUXEMIBIE & oAk L DR E REND
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EMECESL BIEER N o zdiz, FFE &I
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D3 L b BERE & SR HEAN U Ay E VB TE IR R
EHRRIT, BEEA LSO KBEERRR T KLE
2B BILEME OB KT D 0IEN T
RTHDHENZD,

FENT EMBIR RIS B IEE L, M Lo R0
TatRd LTHELN T AHEIHMEEZ AV
R ERROMBE CHEMRBEME L BREDL
Ba L, AEMEIEMBERPICHFEET S BE—K
e LTIXT vEA OF —Z BN E  F1E
LT3, EBRICE L CidsEgs UM biE
Nitrosomonasu europaea ATCC 25987 % [EEfk L
A L ISTEBRFEERTE Y EER L, 7R
—Er P TE I ERBEOT VE=T RER

S U ORIk E 2 DO BAE» HEIE L, iR
WEDRE) D 20 HkET f\‘i‘/( v hELTH
(B & v FERIEERT 2 HE L, HEVER H#R % EK
L,

= (OURo—OUR) /OUR0X 100 (3

AKF—F I 90 B35 A L. ABFFEO 9EED
BRI DINT x) - FRERER VY VY ) -,y TAL) Th, 2}
W7 MUY FT) VD 5 B DT — F B &, FEEE
ERTREN TV FEEASBREFERICHE

L T Ecotox statics T ECso #E&EH L7, WLANE
DFREERBRIIBHEFEELTML TVEE VL
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Table 2 {278 U, 7=/ BREESA, 2- V17" M0 F7
P =D ECso iXRELMIE D M EVMEER R LT, &
IR CLHE O F B RREILIR WX D IZfM 2 523,
YTAEI MR - TIITEMEBIEL U b ECso B3I H
VMEZR L, RTRO@Y . yTAERI AT AERE)
MERICIBVWTHERBEICEENEZ 5 &5
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hsetExbhR5 9, WEDA N =X LT
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Conversion of Miyake Island volcanic ashes into zeolite by alkali melting
method and the adsorption of the ammoniac nitrogen

Fusao Hirata , Cheong Young-Eon, Ryo Shoji
Mariko Nara, Kei Yamada, Yoshitaka Sudo

Zeolites were synthesized from volcanic ashes of Miyake Island by irradiation of microwave. Crystal
structure of silicon and aluminum should be changed by chemical reaction caused in alkaline solution.
Iron oxides can be vibrated by microwave irradiation in volcanic ash. Alkali melting method by the mi-
crowave was examined to recrystallize the volcanic ash. X-ray diffraction or was used to analyze the
structure of zeolites syntheszed in this study. The zeolite synthesized in this study was detected as a
gismondine crystal.

Concentration of ammonium ion could effectively be reduced by ion-exchange ability of the zeolite.
From the result, zeolite synthesized in this study have a feasibility to be applied as a water purification
material. The adsorbability of the ammoniac nitrogen was examined by zeolite synthesized by and
alkali melting method. Also the adsorption experiment of ammonia nitrogen was conducted by the arti-
ficial zeolite in order to compare the adsorbability The adsorption isotherm and the surface diffusion
coefficient were computed. Freundlich type equation was able to formulate the adsorption isotherm.
Moreover, the surface diffusion coefficientt] Ds[0had the certain amount of adsorbability. However, com-
pared to natural zeolite or synthesized zeolite, the amount of adsorption and the surface diffusion coeffi-
cient were much smaller.

O keywords : Volcanic ashes, alkali melting, adsorption, ammoniac nitrogen(]
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TLVHVBEBEZF AL TOESFAEB O
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KHBAXELFIFADIEHAO— 2L THEBENT
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ERRBIELEFABELE,
2.8
2.1 TNAVEREICLLSEATAME

KIWKIZ 2000 F7TA KK ER =B 0
WroEHLEZLO T, 600 mBl FITE#L.
120CT—RERULEZBRLELOER Wz,

FIG#%BE% Fig. 1 ¥4, RIGAEHFITIX
—BAHAMCTAIF LT RLDE VDI,
100ml 7AIF 252, TORPITTALIFY—
N.30ml TAIFEOIFENVIERBREE L,
IR~ A7uBEMBORBREICLITAIFRN
BWRENZWZELE BEDRZMG THET
ERDOBREBEBRBREININLOTHD,

§ micro—wave
2450MHz

250W

alumina crucible
30mi

insulator &
(glass wool). N8
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100ml

Fig.1 Reactor for zeolite synthesis
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L. 3 D4 BERS XY 5000rpm TE OO EELT,
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L7 . AR ELFAMIT M E T %
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1.18mm(1 —30mesh, RY—#H XL )2 EH
L7z,

Motor (450rpm)
Teflon seal

Ground-glass cover

Sepalable flask

4 L)
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Fig. 2 Ammonium ion adsorber
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A TNHVERMBEICIEELFAME

Table 1 XX KM TERLEEATAbD X
BREFT T CORER/RERLE, XIEXKRY
— B KWK EIEEAEEDLLR Y, OIFITVRE
VOV ERIE TR, ODM MR IL NagAlgSi; 0s,
Thol-B. F Y THIELISAroOR/ R ITERT
Eiphotr,

Fig. 313K INIKEERBEV AT DD X
BHfv—r2f@HEICRLEZY THE, X REHT
SGFOBR. E—70BEUENL, FRLEE
F 5 A4 XY XA FE v Y v ( Gismondine,
CaAl,Si, 0, 4H,0) L B L VWK B E %
H¥5LZ2005, £l REBEMBEITL-T
AR OPICKLKEIR LRI ABHERI
Nie, ZOZEb, AR BITEAFAMIREY
CUIBR—BEENTREY KUK EEH LM
B EORAY THAIEREER I,

TAHIKBREBEICLIEFFTAMEY Tid A
ftFMNYLAOBRELBEEROZER TR E TR
SEBEL, v IV A8 4548 /TR
PAISAIDPHEREINTWEIN, S B TLVHIE
METHERLEELTAEI 2R 20T,

Table 1 Condition of the amount of the aluminum and the
sodium hydroxide added to synthesize zeolite from volcano ash

Al|l 0g | 0.4g | 0.5g | 1g 2g 3g
NaOH
0g [No.12 [No.11 No.13
X X X
0.6g No.17 [No.18
X X
1.3g No.8
O
1.5g No.6
O
3g [No.9 No.26 [No.25 [No.24 [No.23
© © | © O O
1g No.29
©

X :Remained Volcanic Ash,
O :Zeolite (NazAlSi,,O;,)
© :Gismondine (CaAl,Si,04°4H,0)

Table 1 LT BB E B E THY., Si/Al lex

zeolite symtgized{ }
50 rinthisstdy |
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T T
| | !
1 1 1
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50 I i I |

T

|
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Fig. 3 X-ray diffraction diagram of volcanic ash and

the zeolites
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LEISL., IRERTL L HICRLICHEREL T
LEWH TR0 T, ZORFHRERLZES
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TANAVEBETERTHIET. TAHYK
BEOARBMAAN 24 B2 10 2 IKETH
WHE, . TADVKBETIHEDHE
ERPMBEERETIA . IRMBILKERR
L.SREOBBLEERELLE ThHoTn,
AHBETRALETADIERE TIZ. &R
OEBIL->THERER 520, TAAHIK
BEOMBBREBEZERBIIENH Kk,
THICED, TAAVKREBE O K LK O R LB L
LTI > TCWEREREBRECHLL> TS
RNEZ2EMEITI2ENRTERL,

3.3.2 TVAHVEBMEBETCAERLEK LK H KD
AT OEEH

TrEZULLAERE Img/L TOXIWLKE
THVAVKBRELZLDERD ETVHYERIEIZ
IZAERDBLO=ZFBKILKROBZEER L
nEOoN-REEEBRO— % Fig.d ITRL
72, Table 1 TRLEXDAER D ITEo- K E
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HF.OD C/Cyix 0.87 &7potz, —H.ODY
RELVUD C/CoiX 0.748 LEKHEL TR,
OREBLTH 2 o7 rEoybAFRE
BEARLE, WETEHICETIREZ 2 B L
Bole, NI AKBIETERLEELFAMER
ZOEThHoTe, MAT. MROELFAMILD
TrE=TREOS S . T B R H 356 [
UETHEED . ZRICEHEBLTELI R, ¥
mREENRRDLD, —HICHBITTE 2D
BT NVHVEBMBETCERLEZELFTAMIEDT
VEZLAAF VR ETH, TR E R ER K
DEBONDIZERBALNERS T, T . BLT YV
FoUALLFUBREEIBL VRAEVIUICHE
WHE B ERE TOERBDITKILIK 6giZH KT
NI= L 0.5g, KBALFIIT L IgDELA T
IBAEBRH Tholr, ZTORAE . 25%DT T
TaEEBRETE, REEIX0.252 mg/g-zeolite &
2ot

1.0 ﬂ—a——‘ —&- \ g
20 8 g o

08 | A A c
I 0.6
[
o
S \
O 04 | @ volcanic ash

' Oalkali hydrothermal method
0.2 A alkali melting method (this study)©
O NabAI6Si10032(this sutady)O
0.0
0.1 1.0 100
Time [Hr]
Fig.4 Kinetics of the concentration of

ammonium ion adsorped by zeolites

synthesized in this study(298K)

Fig. 5 I, 7AI=U LM E 0.5g, & AL
10 0% B TFTT.AKBILFTNYLIARNELE
&g, ARLEZELTArOKEILF MY AR
MEBELEEREELOBEREZ7I7ICLE, K
BTN LARMEBEPE 2 21ZEREENIH
RTre I, TAAVBH X BIEIEKILIKOE
THEBEAWIDTD, AT B# 35k 10K
BWZLEILEDbDEBEZLND, LxL, K
fFrITLATRME 3g & 4g0BEBOEIX

0.008mg/g B ETHI-D. aXMAE LB R T
LoAKBIALFNTLARMNEL 3ghE B THDE
B 25,

ob
Bo20 |
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Amount of adsorption
e
=)
o
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Amount of sodium hydroxide addition (g)

Fig. 5 The relation of the amount of adsorption
and the sodium hydroxide addition to synthesize
zeolites

Fig.6 IZ SiI/AlICEBAT v E=U bAF VR E
BEoOEERT, Si/Al  2.33,3.1 OFREN—
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IXFhFR 0.5¢.0g Thotz, —BBICERTY
FIARDSI/AlE/NELLIEBR G B4 FA4MD
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LR, Bl rAF % 2g Mx, Si/AlLE K
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“ 2
2 010 | 0’ Al 2.0¢
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Fig. 6 The relation of the amount of
adsorption and the ratio of silica and

aluminium
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LB RO ED B REICRELZEDE
Ex2bND, £ . TAI=ZULRME 0g DA R
MoTrE=gAAL R E BT 0.234
mg/g-zeolite P FAI=T LRI E 0.5g DA K
MEKRERN, LEBRS>T. IRME 0g THT
SULF VR EBRBITIFILEALEEDLRWEDT
NI=TLAOBMITABE LA W &, HEaXE
OHIBIZOBRNBDERIAHBEHT-,

344 BRESHEBRLERBELBARK

Fig. 7 o757 3MTRORREATA IR B
YAITAEXWRBAREATA No.26 DRE
SERTHD, TNETNEBREEZRLELILLY,
LR OB E B TIX Freundlich B K F TEH
TEX5ZLB¥bhroiz, Mordenite Dk, nDfH i
8.80(-), 10.0(-), 4A ®k. ni¥ 10.0(-), 12.5(-)
THVEEOEAFAMizk, nDE k=0.33(-).
n=1.25(-) kB2 0ESI D BREEIIS D,
¥7-. Freundlich 0B & REZFERIIKRD
7-n &V, Z?o n iZR A5 Suzuki & Kawazoe D
= B #R (Suzuki and Kawazoe,1974)% EH D&
EEMBREI—T 74T 4 7L, Ts=Ds-t
JSRESVEREILBAE Ds #R H L,
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Fig. 7 Isotherm of mordenite and zeolite
4A and zeolite synthesized in this study
(298K)
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