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KA WEEICHBIT % BEENE - JE2BEENER D
R HI R R Fm B B 5%
—Hif& D iber DIFH —

RIS KHBF

1 [FL&IC

KA VEBICIX B HIESHBFCD R —BHOERDALHZ. ChoDEAH
FLFBEDPIED D Z D DHERVREIIFE TRV, —BREICITEEE - B
REKERTBEICIISBEFICRD, B - MENRBEEKE2RTIBSICIXEIEHEH
Iz 2EmPBVwE I TS (BIXIE, Neue deutsche Grammatik, vergleichen mit der
englischen, Miyake, Sukesaburo, p.155(1977) 2 ¥). L% L, “Das Wasser iiberfloB die
Felder.” (MDKBUICR o=, (NPEEMEEREME 2MRR)) XEEKKTH 2 DS
3T 3H B L, “Sein Hertz flieBt vor Dank iiber.” (D MIRBOSZ TV IEVWTH 3.
(R 7RO o MEERHE 1 IRR)) JIMENTH 30 @EBFATHS. Lizh->T, B
FEE-BORABRERIMIrNOBRNREREICL >THEIIESBEIZHFENDITTVS
IbEPVRWEHRAIZh 3.

Leisi (1953) 1%3877% (Sprachakt) %&¥ 98NS (Wortinhalt, FEDRERK) % L%
ZETCHELE. TORRE, BOFEALHFINZ ICIRBROEIICMZ TYHEEICH
BONEBEICHS CLPDBETHIILERIEL, SEEHICBIT 2BKRANREOEE
HEERLTWS. (Leisi & F#D 27X Kecskemeti (1952) 3 & ¥ Wittgenstein(1952)
Lo THEBICHILTITbh TS, ZORIZDNWTIE, Leisi DEE “Der Wortinhalt”
(1953) DHAEXEARM CTH 2 MEkL ) (BAFEXRR) ©pb5e2sBIhiu. Leisi
DORXIERV.) ¥z, Lakoff (1987) IXZMREZIGA LEKDOH T T —(LIDONWTE
BETok. FLT, AVDHIELR2FERAT ARSI, IRCHESNITHRY DX EFIERE
BICEDWELRAA—JICL>THEERATE I L BBEOFERAICKERBE LR
FTEBRRTNS.

COXIBRRMBRBIREZZFROOIE - ELBOBIRICHE D AN T, HEH
EDESIEBHMINBPLNWS L E2ERBLTARILIX, BEFELIELIEIBL %
RETIBROBERN L EEDORELZ2MRTIDOICRIAIDILBTFREINS. 22C, KRBT
SREFEEP AP ESBLPE2HENST 2BORR Y OBERS 2 RAEKRN 2 LB H»
SESPIZT B L 2BMIC L TAIER D iber ZELY LT, ZOHMSOEEMTETS =
9%, AR, ZOLSREBEKOREELZRIBERICKBMIEZICIARBOLEREZ XD X



SRETHBIRRELVOPIIOVTHERT Z. ThiXBENEEOFEBIIZREI
BT BB OBRBNREEOBVPERICEEINI L E2ERTIILBRPER
WERLRBEDTHS.

AR TIATRD IZiber 2R OEAHFAICERZYUT, ZOFOBB B LUARICHET 2
BHEBFAELMD LIFTHRTHILICTS.

2 iR - BEIZFRD BEHR D tiber DIEE & IO R ERR
2.1 T#BB) OBE L L TOEREH

Lakoff (1987) i& over DEBK AT DHIT, over BEFEBE L LTHVWSNBIES, ME#
EEKRTZILDHBLBRTNS.

(a) The river overflowed.

Nk bsdghiz. --- Lakoff (1987), 3R ZBEEKGS 1 (B LEE S RE))
(b) Der Strom ist iibergeflutet.

(udEhi <WEULR>. - NEEE, WAAIMR : g () &887))

ZLTC, 20 M) 0B%ROHEMZ, BRORIPBRABROBKREZHAET 3-8, 2h
EHZTROWEZ LW RBEUZHREKITERORELBEBT 2L VWO BEEES DT
HBLTB. DY, Lakoff it TiBifh) % NMEADPEEINABEBIIBLTROONEE
DIREZBZ 21 LERLTNWBILICRS. (b)id (a) LEAANED KA VEXHTHD D
5, (a) LEHKIC Lakoff DEHRICL 2 TBE) OBELGHE-TVWILEZ 3.

(c) The river overflowed the neighboring fields.

NP BEL GEIOBEMAKE LICR ok, - KBRS, FEMBHMR : LUE (K)
LBET.)

(d) Der Strom hat die Felder uiberflutet.

(HDAKDBBENTHEKRLICLE. - D)

(c) iK% (a), (b) LRAILEZICETL TBB) OBEHSHEDboTWS. TITHINNEET
ZOTHZHS, PR DBRRIABORIOBRAE CHEd, BREL LTAR2HEITHICHE
hHETW3. (d) i (c) EARBED KA VERTH B2, (c) LR LB E-TVS
LEZLNS.

FR U L3I (a)~(d) DZhZhHERKIC T8 OBET—RLTW3ICbhh
b5, K4 VEXH T, iberfluten 5 (b) TIXSBEBIFL LT, (d) ClRIESESHL
LTEWRFISERTWS. LES-T, T8 OBESOBERKZAA %S Lakoff(1987) d
EHBIH O TEBOEIITEBTAEITTIE A VEDOHE - EDBOFEWSIT OEKR
KRS Z2HET I TCERVWI LRI S.



2.2 B/EE TAD ) OBF

WEHERE TRBB) T2L VBRI, BT0BAIUMNCE S —DEETRERS
BHD. BHEDO TAD) TH3. B, BRIIZABASOTWEIERD A CH 3. #
BHBBREMI T THE) AHTWIKR, BTEHO TAby I RIThIIRS V.
MoABBEBNTHICHTO IR, B8O TAD J ICUEZNREEZBI THAAERITIIZ
BREBVWODTHSD. LEDN->T, BALBEROBRTEOBRKABTESN T 210, #ik%E
TAD) 23 OHRL LTIRAZLEDHS. I T, KR T TB81 % Lakoff(1987) &
BRZ2Y, TEPBBOFERALBI TNV EEIZIL) LEBRLETILIITS.

Tk, TAb ) REDESEERMINZDEZSH. UTF, MM VEPSHIEZER > TRE
LTH%B.

(e) Tranen flossen ihr iiber Wangen.

(EDrmZDERTRN. =+ /D)

(f) Meine Augen flielen vor Trénen iiber.

FOBICEYHSND. - P, MMEER R (FF) &87.)
(g) Tranen iberflossen ihr Gesicht.

(BREROBEZFES Lz, - ZHE, BAMEAER : U&k () LBT.)

WThOXFIHREDPEEG>TVARELZRLTWSD, dber ICBIL THEBERMICER
&, (e) IBHIEE, (f) ZOBBFADHRY, (g) ZELBMBADOHEKEI THS.

() THREFPHEDOLEG>TVWARENRINTNWS. Z 2Tt dber XEED LICENH
32k, Thbb, REFOMBHEFEZRTIOL LTERMEIh, BELIP6RTEIA
T PIIBHNORENATHS. LEH->T, BB iber TIXHIERD tber IZf£5 TAD
OBRIFEMORMRITIE R > TORL. '

(f) CREZELWIARBLOMBRTRIN, BHEIHD. $abb, RBid T~Aby &2#
ZATCBBOAANLFREZ DL LTREHMINTWS. LEDST, HikD iber XBR/OD
T ) BHEORNETED, FERNOBHRLZhETCORREXANTI0L LTH
{BHEh3.

(g) CREIESHZREPEHMINTVS. ZZTRADEFEREN B SBNE S
LICTHERL, BHICHLZLICHAFSNAT VWS, DFEh, B8 () 2MI3ILR<%
ZWIEHBHDZHDE LTEBREHEINZDTHD. —RIC THEDIEBOTICH D HE, A
DLDEDLIBEBASTNWBERD TAbh ) 2EBHNTZLBIIRN. RHEHhBERIT
BETHY, ZORBO TAD | FHEEZEBORBICLEDDIDTH 06, BHMITHL
REINBZ eI RVWEELS.

LEoah»s, REBIRIBBICLL S RRETH-TH, HMEBED LS IZEMEh D H
T lber PZNZhANOBKRABEFE O LBGD5.



23 ~aby o TH) ~AOER

) & (8) D T~D ) OHBETAFRLBASNEDEILLo>TND. [AD ) RS
BIIBTHHDTHB. {§FD T~Ab BEFICEL, BFONSERT I LIERY. BOD
TAb ) ELBICBL, TOABIREIRY. BELESBOBRL BT, BEIEBRDFH
CHBBE, TAY] IBABEETA20L LTHEZZOABICLLED3DTHB.

LEX-T, TAD) HEBOABLABEZRFTZ2dDL L THECRTINZIHE,
TAD ) REEICWDDE TADh ) TIRIEL, DD, DEF D BBONBEAREXE2 ME
ﬁ_l ACESETS. BEEEEEEWD TER CX->TRISh, 2Zh2h B0 DL

THEMEIhrH#EL 2B, L LI TBR) BTRUSh, 2hzhorlibo
?ﬁ’ﬁ%‘@b@t LTCEMEh 3. «_OJotDk,iﬁﬁkh‘ﬁ%ﬁ@ﬂ“ﬁﬁ‘%%“ﬁ’\&tﬂft\(ﬁﬁ@
RRBMTEER, TAD) 2RABLABER AT 2AIS D MER) & LTHRLRH
A LiiZRs RN,

:@ﬁffaf»e () & () £RBL, () OABBAOIAITRRASWAMS = & BHKER

BHILTOBED, T~ i MER) & LTRAXATVS LB, ChIERL, ()
wéEﬁﬁibn—]@X@J‘tli:ﬁb‘Eﬁk&6#&’157)‘ ZHINTWBED, TAb) Z0HDRERE
BTHIHICETHHOL LT, ﬁﬂ‘gﬁtb\jeﬁa)qjkﬁth'c%lllﬁ)él LERL
TWBHLERS.

DI, B EEBOAMICL LD2BEELHD TAD ) % Rand &Y, 2D b, %
ML UZBEERER SRR POERINIREBIIEST2@HE 2D TAD
% Grenze YMEEZ YICLLSD. ZTDLSIZ Grenze £ Rand OS2 VAT R L, BH
DEER TEEZELFORERANY »5 THEEZADDOABICL EHTVBANY
LEETES. 20 TAKY) BEEEABICL EDNELIVWBDTHE05, &R, B8
Lk THik% (H) Rand @ TH) AICE EDHB (L¥E3) bDTHD, LEETE
3. 20 THi% ) #4513 Gebiet LIFEZEIZL LS.

Gebiet, Rand, Grenze D=D2DERBZICESWT, BE (f) & (g) ZRELTH 3. (f)
TH () THREEIREED, WhTABALHAMT NS, UL, (f) TRIEA Gebiet
(H) ONBALBhHEZZ LB BHIND 0, Wbdd TAD it Grenze £ LT
BHEXNB. ZLT, COEDICHIBRD lber PEHBNICHBEBFDOEER L U GEIRS O
3LE526Nh2DTHB.

ZhiCHL, (g) CHRBMINZIONE, BR2EA TRAHZETCIIRL, BICHBET
$H 3. Rid Gebiet (BB) MICLYED TAb) 2EIRVWDOTHEDPS, IITiR TAb )
» Grenze ¥ LTERMEINB I iz, FLT, 2OKBEE LTHIRD iber i3 HEHNIC
JEDMBFAOEFEHL L TERINZLEISNZDTHS.

DEDERIZLD, FifRD tber BAMEBFDEFERL L GRIRS WS D, HEVWIEES
BEFEOETERYL L GRRI NS DIE, 880D Rand / Grenze ¥ DRMHERHED D IS
LREMLEBRMZERIHIEESI LB TES. bbb, BEEEL TWbD3 T~
b1 Grenze & UL THMINZHEICISBEFEZBIRL, BHSIhR2WBAICIIEI B
BEEBIRT 2 LWV EKRKNREREICH > THID iber ODHE - EABMEF VAT T
WBLHRTES.



3 Grenze N'BHMI N 35S (FEEHEE) DOFERD liber D
BERDHT
3.1 T#EB) OEmESNESHIEED tber

ARTHE 221B80WT, TBB) 2 THEAPEROFBRAZBIT TAb ) 2823
Z &) LEHLT. Gebiet, Rand, Grenze Db b CHA L BABOMBFRERA-ES, 55
X Gebiet TH225, TAD ) » Grenze ¥ LTRHMINI2BORY EHRKLAIL, HR
THIBAEDEBRD T~b ) 2HIZI LI TiEB) THAS.

(1) Das Benzin lauft aus dem Tank iiber.
AUV UBE o poENDG. - D)
(2) Die Milch ist iibergekocht.

(NI HEREZZENE. - h)

X (1), (2) iZWEIBRELZoLER T8 5. $2b5, WK Gebiet ® D
RHMX B LDRLBMEINB D, TAD ] ik Grenze & LTEMI h, 72885 HRIR
XhT\W3. Lakoff(1987) DE 5, AP BRHREEEHICLER L, DLWICAROFEIEZBIT
ABALBNHZ L WSREIE TAD ) » Grenze & LTEMINBBO—FICT ERWV
Zkicizs.

CCT, EEHAIC AR LEBERERBEDRTVARE I PIIOVWTRTHL
5. HRBFIIFBTH IR L FNICHR BB THI2ERBArSRI2EAHFATH
3. 8488F LI THAL2EBBERE LT, ZhiCEHH, $-3MORAPEASLTTEE
B ) (ARAESIR) THRLIhTWS. LEXST, BAREBERE L TR, #ifftH 3
iiber @ T#BE ) DBk HPICH L ERBADOBKOABTHRABICZT TN D LS RRIY
THATWRIThIERS V.

F9,(1) 0 T#h3) IKOVWTRTHLS. MHh3 ) ZERBEESKTIR F1) Lol
WIZRSTHICHS. 2) FICAD ENTICHICHTL 3. ) EbiEbTW3. 1, ERE L
BTt F1) ki EDnoidnickoTZiEh3. 2) iFha L BEbh RISV SIEVIC
5. 0, KEME LIRTIE F1) BEAESBEPH - Iz ZiCv s30T EoAPB
IEh3. 2 APYHBADESTITHNICHS. ) IIHBEULEICELIAHS. 4)FH - &
BH - BAEREYDEB TV, g LI, WThd Tihs ) K- OOERRZEKRIE
HELTWAZLERLTWS. Db, —DE3HBEIF O SIEWVIZR>THAICHZIBE%RTH
b, TAD ) 28X T Gebiet DAL D, AR TEHRT S By 2RLTWVWS. L
MU, D —DIXBEEDIICH T Gebiet AICE LEZ (LEE-TWVWB) BRTHBED,
T8 2TIIR< THE) 2RLTWB L EX 5. 2B iberlaufen DIBA, L oI
1272 > 1= WifkiZ Gebiet DANE TV RITNIERSBRVWOTHIH S, THE) 2HEH
KEGEIOIRBEERBLLTYTHORFF LRV, AUTHTWL Z L 2HREICTT -
DI THZ ) 2V, MRS EWHSEABFAZSTT AV IUHY 7P sEhE
3. ) LREE, THB) U=H&D Gebiet DAANLHTWL 2, Thbb TAb
Grenze L LTRHMI N3 L WS BEANAFBEREICRI NI IcRS.



WIS, X (2) © TREZIFhD ) LWHIRTH Y, CORBRRANTHHLEZISN
35.22C, ™Ry IR TCiEN2) DL D 1EBOHADATRINTVWSIBEESR
E2THES. TR N)ZERPFERBH L. 2) TIEHAOP, QCH TRV 2E
LTREZBVWEIHT. ) BRHLTEREBRST. ) ABICH 20BN L ACH
7. (5) UTFIIER.)s (FMFEEHABSIR) LHHEIhTWS. ChsDBEKHRED
zhzhicix, TEPmL), TRERWTHKRLS TS, MEEeEm,y, MFermw, &
Wo ERANSFINTE D, HRICOVWTI, TAD ) # Grenze ¥ LTEHMI N B &5 ik
HEC Gebiet HE P SAMALHTWL T EBLT UHBEBTIIRV. —4, TZiEh3)
i 1) PIC A>TV B BEPhIRBRO DR ED, @Whi=b LTHAETLES. 2)
hHPSBNTLBLII, BRISMCHS. 5 (PIRFEZBERMESR) LWOIBKRTH 3.
BB T LTy £RIZ TBNhTLBESI0) ¢HB2I oD L
312, TCIENS ) ICEHZHDHBNCHZ L WS HEOESHH 2 DD, HKIE LT L
b T#BB ) 1L > T Gebiet DANEH D LIRS RWDTH 3. iiberkochen &S HEE
i, BEDSETHET>TEIEL, DWIC Gebiet Z THEE) LTA~NELHTWLEW
SEKNAZRYT. LEN-T, NZIZh3 ) —EBTR KA VEICHSUEERICERS
T, &7, TRPADBLRROHREPHEL TBWLBhE 3y (BIRFTEERRE
5HR) LWIBKRHNARERT TIREZIFEND ) LWHIEABAZYU TR I LICL>THID
T, & b @EHIC iiberkochen ICXf G LERICR B L EX 3.

HAZEL A VERIRERNICODERRBOICY, PRLIXRBLEIERZKREZ LD
EETCHDIDS, KA VETHEIREEF iber tE#ﬁ{J#f‘aﬁAﬂﬂ#ﬁﬁ.b_L')'CL\ZM)B2:
Wo U, T ZAAELHEABATHETE L LIRS V. LI L, REICIIHHOE
k& BEORKOTEA DS EN, D T~ ¥ Grenze & LTRMI N L hHEEH
DBIRICOBRD S FDELBBETCEZLIRIDOBLTOLNBZLELNDS. 25 LRITH
i, AEEORHRATOERZBRISLENTLUEN, EEEL LT RS VE, RIFEE
B &?E?é%k EDFERAOEMKKREE, Tbb, 155 aﬁ%b’to)&vtt;@&&%"’c%

E:E?Rl,f'@b:}:L\g%@{ib\ﬁb‘@%kﬁ#ﬁﬁéntﬁh_UJZ;% HAGZE, F
WEILES T, BRAEIDOIDOIFEHAINI L S, B~ Llitib‘eﬁ?‘]ﬁ?)‘%a_kﬁ
FhBLETHEOB—MW|THB. LiEN>T, KA VEE MﬁAib FAOEER->TWBIBE
2, BRERTHEZY TAEICESHADEMENZ PS> RT3 LI, iR
ERFII TR, BHDBREZELLGAZ-DICOATIRELETHBLEZ LS.

3.2 [HF) OBIHHESHRD lber

BUHALBBOBBRTDY, XF (3), (4) DL TEB) DERICELICIZAR LR
V) Grenze DR b H 5.

(3) Er hat mir einen Eimer Wasser iibergegossen.
(BZRDBEDPSIST Y —HRDOKEBURE. - 1)
(4) Ich habe mir den Kaffee iibergeschiittet.
FiFa—e—%2ZiFLE. - /h)



S (3) THIKDS Gebiet (/$7Y) DRED 5AEE~, (4) TldT—t—4S Gebiet (v
7) OREPSABALHERES. ZOBRIIXH (1), (2) LALTHEP5, Fh2ho
Ay 5 Grenze & LCRHMEIhTHBEFANEBIRINTWA. B2 5 AR, (3) TIIEIC
£ 2T, (4) TIXFIZ L > T Gebiet DR P SABALBEBABRICHINEZZLTH
3. BERABOFBRAZER TABANLHTIIN DY, ZOFBRRAIADRRICL-
THEOSNEHDTHB. 22T, 20 TREINFERAZHELGHEI IS ) KK
2, ARTII TEE) LERTHILICTS. Thbb, XH (3), (4) TiEHEKIT THE,
OBEZIcED, TAD) H Grenze L LTRHMEINhBDTH 5.

MEE ) i Mgl ORIORORMBETH D, Tl & TR, & T~b ) 2 Grenze
LLTREHMEINAEATCEWICEBL TR IS,

BUBAARERICOVWTRTA LS. XH (3) Tid iibergieBen D HARZFERIZ NBUTE S
BYETHENTWS. THEUES I TE - KeEEMAPHICEELITS. 5 (KEEES
R) LWHEKRTHS. EEBHHEICIIEAHATERNICHDI I L2ERIIELD
&, RELTEIRTBEBEL LT, 20 TRTE 2 ORKFEEXOPICH 2 TEEPIT
] EVWSHEABFADAEDIIFELWEEZXD. LL, MES T TAFRNAL. BhY
BhROLDS. BEEHRLUAL. 3 (FIRFEZERFAESHR) CLThh, TRUTE3, I
RBE,BECAPSTWEVLSIESICZ LWL, RIZIE, TEBE2BUE2) LREXT
b, TEEZEC) LEEXZRVWOTHB. FIC, TBTED ) & Thids) 2—#icL
FEAEE Taerir3) 228L, TRIZADHEP SN Y —ROKEBTE» T 1.
JEWVWIREBYLTEAD, LD KA VEOBKABSHEAEICGEINIREBICRILED
hsa.

—%, X# (4) Tl iiberschiitten I FZIX 9 ) BYUTEhTWS. TZiFET, iE Pk -
BRrEeBhEE3. 0 (AHEESIR) & THD. I THEHEABATRENE
XHBIELEERTNE, T2IFT) BZEOBKROHBAXDOTICH2EAHH MEhilx
2 ICBHRTAETHS. COELHAEL LT VEXDREICHERT 2DIL, HAGE
FEOREL LTIEEVHREENTH D, TR EXBOBABLREIARVEISD S.
UL, FTZIET ) ICHARTEIHBREIPBDELTH, TRFI—-b—28hHE8k.
EWSHEESHEADERICUEAD, TAD ) B Grenze & LTRAINhTWBR I EHBLDE
HICimEI N, BRORNBICHLBASEREBIIRZLELLS. LEKoT, XH (4)
B4 DX LTRELRUTET DL, £ ERNEOERLDTVETRLES 5.

(4) RFa—b—%ZIELE. (BRI —tbt—2@hHZTEE.)

3.3  Ti517) OBEA SRR iber

TS DEIR D iiber £ 2MBEA L U TERYT 2 KN 2 LR L 25D THNIE, RO
(5), (6) D& > 2B BN THIR D iiber HEBINCHBBFL L THRIREN DI LD
+ARBEHSOT SN,

(5) Er ist zum Feind tbergelaufen.

(B E Do, - )



(6) Er ist zum Katholizismus iibergetreten.
(BEH MY o ZICBELE. = D)

Xl (5) & (6) Tld, Gebiet ZH TV NRIIMBETIIRIATHS. X (5) TikS
T®D Gebiet (BLTWEZNV—T) PSHF LYV Gebiet (BTH ok N—7T) ~KIZFHK
BEEZX3. 7=, XH (6) TiX, HITS £ THIE L TV = Gebiet (HBFH) ,EF LW
Gebiet (B MV YY) IKRE, 2EVFHEBEEXS. ZhoiIAD TFIBEBOME) TH2
LEZBIULDBTES. ChoDXHBRMO TE, L ERZ A, AVELOERETH
% Gebiet 2MIHETWBZ L THB. T, I2TIRZD TR/REIh-HERA (R
H) ZEHLPBITHS ) RE2Z TBIT) EERTAILICTS. 20 TBIiT) Tit, AiX
ERICHIEFPSHBIBAALBETIDOTIIRL, AOFBICEELT M7 PRV
XhBDTH3. Tibb, NxHDHED Gebiet THAFBEHEHD TAb ) 2HITHDORF
BBRICHTWEWSAICBWT, TAb ) % Grenze ¥ LTEMIT B LICRBDTHB.

D THIT) OEHIZ, — R EROBRIOBBETELSICAZS. LIL, Bk
1Z—A% 1= Gebiet PIEBD SHEBA LA HHT, BUTD Gebiet ICRE 2 Z i, A
D TRITIICODVWTHRKTH 2. SETCOFMBEHLZBIH THORBEIC TBIT) Lk
AL, BEICOWTH, RERZEZITH, BOSOMBEBEEIDZDTHEH05, —RICIKE
UrOFFBIRICEA Z &idizwv. LEXB-T, 20, BUTD Gebiet IZIXESRRWEWS
AICBALT, TBT) REALABOBRICEBRLTWEEEX 3.

Zohs, M, BIRICRIY B TIT) Ik, TRy, THE) LEKKICE—KEIC
BI2BETHRLEZIDZILNTES.

X, HERERICOWTTH B D, XH (5) D iiberlaufen I2i% T(#IC) £ 2 35, (6)
O ibertreten 121X T(A M) wHiZ) BET 2 BYTERTWS. ZhZPhOXPDE
WERILIZEBAZBTCIIZ —RICEHAINBZEVATHD, ZOFEET, HhHEBKAFZRR
DE A DOFRBIBICA DAL LD, £, SETORUZ RE > THOREFEIRICA At
CEHEBRING. LENST, #EBHFAIFEDh TV REVWIHFZEDS T, BRAKKIZCh
SOEVWEILICHES MB1T) OBSSTHIBBTES. ChiZAXREDOBFA N, 12, H
BHODERIRIGEERZRIBHEDHEE-DTH2LEIOND. AIXIE, TLICBS)
FOAEREEM (1982) TiE, ITEEERT Mo, LBBIN TV, BHKBNWICIZA
WBHBBADLSIUDEB TALFHIBEEIDILERLTWELEELS. £, ABMTIZ
THRIFEATWS Y O Ny BEEBFIEZRT Ny ERETATVWE D, ZThbEKkH
FICREROXEIERABFEATHEIHEIIREILERLTWVWEDTHS.

LPL, ZhTdhd, HAHAOREYUTITIXRETEILEIHS. RERSIE, 2
BANCIEEKRNZMEE ZDEVAPHEARTY, EAEEL LTEE T E5CRLT
LYiZoZh e LERRERSTVWRENWILIBVWRSTHS. BIXIE, XB (5) D T
I2) £b3 ) 2RTHLS. TEDLD ) X THOME - LIBICHE S (KBS LIR) L3
BEh, fiIXicit TICE DS FIITRLE, TRAICEDZ,, THRICEDLZ) 2ED
PIHBETShTVWSE. ChEDXFDBERBBRARIIRZ>THD, BRBOHELPSFIFT
&, M7 CHESBENERICIBETERY. TRICED S LiX, BHDHEEIC TA
DAH] , ZS 6 THERW) LWS T ETHENS, TRIZBAICADRAAT, BUHL



W, J EWSIREY TS L, Gebiet THEIMBIED T~ b » Grenze & LTEHMEhi=Z
CHBEBICRINZEIFTTRL, BRABIKEL LB A ERBICRS. XH (6) D T
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Cognitive Intention of Separable and Inseparable Compound Verbs in German
— Analyses on the Prefix Uber —

Toshiaki Waragai and Akiko Takeda

The prefix ”iiber” in German makes separable and inseparable compound verbs. The
aim of this study is to analyze the cognitive intention in the native speakers’ choice.
Compound verbs concerning liquids and its containers were selected due to the fact that
these examples can clearly illustrate our thesis (aim).

By analysing liquids and its container, we extracetd three images of Gebiet, Rand and
Grenze determine the cognitive rules. It became clear from the results that separable
compound verbs were selected when Grenze was recognized, and inseparable compound
verbs were selected when Grenze was not recognized.

In addition, we determined that the separable prefix ”iber” had the image of ” excess”
and the inseparable prefix ”iiber” had the image of ”cover” in the users.

Moreover we concurrently compared German with Japanese examples and proved that
the most important point in proper translation is to express the most exact cognitive

intention.
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Cyclotron Development
at the Institute of Physical and Chemical Research
in the 1930s

Shizue HINOKAWA*

Abstract

This paper deals with cyclotron development at Japan’s Institute of Physical and Chemical
Research during the 1930s. It discusses how the Nuclear Research Laboratory was established
and financed, the technology that made the 23-ton cyclotron feasible, the level of research
accomplished using this cyclotron, and the roles played by the Japan Society for the Promotion
of Science and the Japanese electronics industry in developing a 60-inch cyclotron.

The discussion clarifies two points in particular. First, Japan’s nuclear research program
made notable progress only when it became possible to produce the research tools entirely on
the basis of domestic technology, as was the case with the 26-inch cyclotron. Second, during
this decade there was a very pronounced expansion in the scale of scientific research, which was
accompanied by fundamental changes in the nature of science and its relationship to society.
This was one of the crises that science faced at the time. In response to this crisis, research
tools came to be utilized jointly, which encouraged researchers to organize, thereby making

scientific research a social activity.

The appearance of the cyclotron, a device for producing high energy charged particles, made
the 1930s a very active period for laboratory research in nuclear physics. In 1950 the Japanese
physicist Seishi Kikuchi published his recollections of the situation at the time:

by the end of the 1920s, quantum mechanics had been established and, to
some extent, solutions had been found for questions outside the nucleus. At
last, mainstream theoretical physics was beginning to concentrate on elucidating

*Shizue Hinokawa is Professor of History of Science and Technology at Takushoku University, Tokyo,
Japan. This article was originally published as “1930 nendai Rikagaku Kenkyujo ni okeru saikurotoron no
kaihatsu shi” in Tokyo Kogyo Daigaku Jinbunronso (Humanities Review of Tokyo Institute of Technology),
no. 6 (March 1, 1981): 141-56. Translated by Barbara Sugihara.
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nuclear phenomena. At the time, however, there was not enough empirical data
about atomic nuclei to provide solid foundations for theoretical development.
Nuclear experiments mainly involved radiation from materials having natural
radioactivity, which was not only of weak intensity but also had limited energy
(quantum energy)....

At just about that time, the cyclotron was invented.... Thus, from the latter
half of the 1930s into the early 1940s, the cyclotron became the primary tool for
the exploration of nuclear phenomena, and it led to many important discoveries.?)

In Japan, too, full-scale experimental research in nuclear physics began with the
development of cyclotrons. A brief recapitulation of Japanese cyclotron development and
utilization at the Institute of Physical and Chemical Research (IPCR) was published by
Asao Sugimoto in 1951, but it is little more than a contemporary researcher’s reminiscence
and fails to place Japanese cyclotron development and nuclear research within the context
of the times.?

This paper will examine Japanese cyclotron development and nuclear research within
the framework of global progress in the field, and especially with reference to the historical
setting that existed in 1930s Japan. Through an assessment of the financial resources that
were applied to cyclotron development, I will shed light on how the contemporary social
system supported nuclear research as “purely theoretical study.” At the same time, I will
analyze the technology that was available to Japanese nuclear scientists, thereby clarifying
the close relationship between progress in production technology and the materialization of
the cyclotron. Only after examining these factors can nuclear research utilizing the cyclotron

in 1930s Japan be placed in historical context.

Establishing and Financing the Nuclear Research Laboratory

At the meeting of the International Research Council’s session on Scientific Radio Telegraphy
held in Brussels in 1928, Hantaro Nagaoka quickly discerned the global trend toward research
on the conversion of elements. The following year he reported on the state of nuclear research

in various countries:

At Cambridge, they have built a 600,000-volt transformer and are about to
start experiments to extract electrons from matter. In Pasadena, they are exper-
imenting with creating X-rays at 750,000 volts. In Washington, [Gregory] Breit
and [Merle A.] Tuve have set up a 5,200,000-volt transformer in compressed oil
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and say they are trying to disintegrate atoms. And although he does not say so,
it is clear from the process of [William David] Coolidge’s research that a cathode
ray tube will be useful to transform the elements, after all.%)

Yoshio Nishina, who returned from study in Europe in 1928, was entrusted with
fulfilling Nagaoka’s hopes for full-fledged nuclear research in Japan. The first steps were
taken at the quasi-government Institute of Physical and Chemical Research, where research
teams under Shoji Nishikawa and Nishina jointly set up a nuclear laboratory in 1935. At
the time, IPCR was said to have a research budget beyond all comparison with the national
universities, but according to Nishina, even with this generous financing, the new laboratory
could not have been established without outside contributions, which came from several
sources. A fund for setting up and operating the laboratory was created by the Mitsui Ho-
onkwai Foundation and Tokyo Electric Light Company. Electromagnets, electric generators,
and accessories were donated by the Japan Wireless Telegraph Company, through Nagaoka.*)

Detailed examination of the Mitsui Ho-onkwai Foundation, which provided substan-
tial, on-going fiscal support for development of both the small and large cyclotrons, sheds
light on the nature of the funding that was made available for cyclotron development. The
prospectus of the Mitsui Ho-onkwai Foundation issued in March 1944 indicates that the
foundation was established with a basic endowment of ¥ 30 million by decision of a general
meeting of the board of directors of the Mitsui Zaibatsu on October 31, 1933. This move was
closely related to a major restructuring of the Mitsui Zaibatsu that had been undertaken the
previous month. As one historian has noted, this restructuring was designed “to enhance
the zaibatsu’s capital holdings while simultaneously adapting to national policy. By entering
and developing the weapons industry, firms like Mitsui, Mitsubishi, and Sumitomo extended
their monopolistic supremacy, and their interests strongly influenced national policy.”%

On February 13, 1934, Mitsui submitted applications to establish the foundation to
the Ministers of Home Affairs, Education, Agriculture and Forestry, and Commerce and
Industry. Permits were issued on March 27, and registration procedures completed on April
5. The 1944 prospectus states that Mitsui had established the foundation because:

Many people awaited the progress of social projects that had as their aim
the sound development of society and the interests of the public. Cultural im-
provement and advancement is the most important element in enhancing and
extending national power, but in Japan, such projects were not yet achieving
satisfactory results. We felt that promoting them was becoming increasingly
urgent and essential as the fortunes of our nation rose. In view of this, we estab-
lished the Mitsui Ho-onkwai Foundation to provide grants for, and to plan and
execute, projects benefiting society and the public, as well as for projects of a
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cultural nature. To this end, we have gradually expanded our programs, aiming
to fulfill our long-cherished ambition to benefit the nation in the spirit that has
been a Mitsui tradition since the company was founded.®

Clearly, the zaibatsu capitalists of the day felt that cultural advancement was essen-
tial to enhancing and expanding the strength of the nation and that an organ was needed
to encourage projects that benefited society and promoted culture. At the same time, en-
hancing and extending national strength necessarily meant developing and maintaining high
engineering standards, which implied improving and expanding scientific research that could
provide the foundations for technological advancement. The Nuclear Research Laboratory
at IPCR materialized under these circumstances.

Nagaoka was among the 20 trustees of the Mitsui Ho-onkwai Foundation and also a
member of the committee that screened grant applications. In 1935, the Mitsui Ho-onkwai
Foundation, presumably under considerable influence from Nagaoka, awarded IPCR a three-
year grant totaling ¥ 150,000 for “the artificial conversion of elements and study of their
radiation,” which the foundation felt “deserved to be started because of its great importance
but had not been undertaken because it was too costly.”” This seems to have been an
important source of funding for the development of the small cyclotron.®

The Mitsui Ho-onkwai Foundation continued to support cyclotron research even after
responsibility was transferred from IPCR to Subcommittee 10 of the Japan Society for the
Promotion of Science (JSPS), which received Mitsui grants of ¥ 10,000 in 1939 and 1940 for
development of a large cyclotron. It should be noted that Tokyo Electric Light Company
also contributed ¥100,000 when the Nuclear Research Laboratory was set up, although
the details of this transaction are unknown. Thus we see that financial support for the
establishment of the Nuclear Research Laboratory and development of a small cyclotron was
provided by the private sector, not by a government foundation for the promotion of science.

Technological Foundations for the 23-Ton (Small) Cyclotron

Nishina once said that cyclotron development depended “firstly on the progress of electrical
engineering, and also on the development of vacuum technology.”® Advances in vacuum tech-
nology, however, were closely tied to the electronic tube industry, as is clearly demonstrated
by the way C. R. Burch’s 1928 invention of the oil diffusion pump at the Metropolitan-Vickeré
Electrical Company in England, facilitated production of the 500kW vacuum tube. In short,
cyclotron development in the 1930s depended on technological foundations that came with
the development of the electronics industry, including the electronic tube industry.
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At IPCR, one of the main items on the opening agenda of the Nuclear Research
Laboratory when it was established in 1935 “was the erection of a large cyclotron with an
electromagnet weighing at least 100 tons,” and at the time, developing a small cyclotron
using a 23-ton electromagnet was considered a preliminary step.!® But, as will be made
clear later, a 23-ton cyclotron was the limit to what could be developed given the Japanese
electronics industry’s technological level and orientation to meeting military demand in the
1930s. A great deal of time was needed to complete the 100-ton cyclotron that was so
important to Nishina and his associates.

Before discussing cyclotron development per se, however, I would like to examine
the underlying technology that was then available, with specific reference to the SN-167
oscillating tube, which was important to forming high-frequency electric fields, and the
automatic voltage regulator using a cathode ionization tube with a grid, which played an
important role in increasing the intensity of accelerated particle beams.

Progress in short-wave radio communication and development of the SN-167
tube: The 23-ton cyclotron was developed and constructed in less than two years, which
was a relatively short time. The key expediting factor seems to have been that it coincided
with the great turning point when long-distance radio communication switched from long-
to short-wave technology, enabling cyclotron development to draw on both new and old
technologies. Specifically, the Poulsen arc generator used for long-wave radio communication
had an electromagnet that facilitated creation of the homogeneous magnetic field needed for
the cyclotron, and the oscillating tube developed for short-wave radio communication made
it possible to create high-frequency electric fields for accelerating charged particles.

Nishina described how these technologies were adopted at the Nuclear Research Lab-
oratory: “The electromagnet was originally used for a Poulsen arc generator at Haranomati
Station of the Japan Wireless Telegraph Company. For our purpose it was necessary to
change the poles and the coils so that the latter are placed symmetrically on both sides of
the gap. The work of reconstruction was done by the Shibaura Engineering Works.”'V) In the
meanwhile, the oscillator considered necessary to create a high-frequency accelerated field
of about 10Mc was built by the Tokyo Electric Radio Company. It had “two SN167 tubes
rated at 15KW each...used in a push-pull, tuned grid-tuned plate circuit.”!?

The SN-167 tube was a product of Japanese electronics engineering, but before looking
at how it came to be developed, we need to examine the state of radio communications in
Japan. Between about 1925 and 1930, when the world was focusing on the superiority of
short waves for long-distance communication, Japan was completely dependent on foreign
short-wave technology. The country’s first short-wave transmitter, made by a French firm,
SFR, was installed at Iwaki-Tomioka, Fukushima Prefecture, in 1928. A 40kW short-wave
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transmitter was later imported from the Radio Corporation of America and installed at
Yosami in Aichi Prefecture in time for the London Naval Conference in 1930.

Yoshio Imaoka of Tokyo Electric Company, who developed the SN-167 tube, be-
moaned the situation: “To this day, regrettably, all the equipment, regardless of frequency,
at Japan’s so-called....powerful transmission and broadcasting stations is imported.”’® So
when Japan Wireless Telegraph Company, which had had exclusive responsibility for in-
stalling, maintaining, and upgrading the equipment, and Tokyo Electric Company, which
had been receiving technical and financial assistance from the major American electronics
manufacturer General Electric, agreed to jointly develop the first domestic transmission tube
for short-wave communication, it was “a major milestone for Japanese radio.”¥) This project
also received a grant from the Ministry of Commerce and Industry (Industrial Research Pro-
motion Directive No.1536), making it literally a national project.

Through this cooperative effort, in late 1929 Japanese engineers completed the 20-
KW, water-cooled SN-167 short-wave transmission tube. It was promptly adopted in October
1930 for the radio station set up at Oyama, Tochigi Prefecture, for communication with the
South Pacific and other parts of the Far East.

Clearly, development of the 23-ton cyclotron at IPCR was contemporaneous with the
Japanese electron tube industry’s extrication from total dependence on foreign technology.
The SN-167 oscillation tube, developed for short-wave radio communication, symbolized
Japan’s relative independence in this field and was the key to successful development of the
small cyclotron.

Note should be taken, however, that behind the relative independence gained by
Japan’s electron tube industry lay an awareness of the wartime importance of radio com-
munication technology. As one observer has noted: “Out of military necessity, research was
begun early on vacuum tubes, encouraging the development of transmission tubes, which
were researched far more than reception tubes for civilian use.”!® What is more, in 1934
the radio division of Tokyo Electric Company was made into an independent firm, Tokyo
Electric Radio Company. It is ironic, however, that the need to meet military demand that
contributed indirectly to Japan’s early cyclotron development seems to have later become a
major factor impeding development of a larger cyclotron.

Automatic voltage regulator using a cathode ionization tube with a grid: Tameichi
Yasaki, who worked with Nishina on cyclotron development at IPCR, described difficulties
encountered with the beam intensity of the cyclotron:

The first problem in operating the cyclotron is that the strength of the mag-
netic field is not stable. Consequently, the motion of ions and high-frequency
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voltage do not synchronize, so in the laboratory, the number of ions that are
constantly irradiating the elements is not constant. This was a major drawback
of the cyclotron that I saw at the University of California.!®)

The appearance of the automatic voltage regulator using a cathode ionization tube with a
grid opened the way to surmounting this problem with the beam intensity of the cyclotron.
By keeping excitation current fluctuation within 0.3%, it facilitated the creation of ion beams
of homogeneous intensity. Yasaki recognized its usefulness for nuclear experiments and said
that he “planned to pass on the information to Ernest Lawrence at the University of Cali-
fornia at Berkeley, as well as to other labs that were on the verge of, or already, operating

cyclotrons.”!)

- The automatic voltage regulator using a cathode ionization tube with a grid was de-
veloped at the Ministry of Communications’ Electrotechnical Laboratory (Section 3), under
the leadership of Masakazu Takahashi, who published a description of the device in 1935:

The automatic voltage regulator adjusts to fluctuations in voltage, activating
a regulatory mechanism so as to keep the necessary voltage constant at all times.
In the past, the main means of doing this have been mechanical....Because the
regulating mechanism in a device using a cathode ionization tube with a grid is
electronic, rapidity and precision can be obtained. Under the best conditions, we
have obtained voltage fluctuation ratios of less than + 0.1%.18)

According to Takahashi, the opportunity to work on this device was first presented in 1925,
when research was begun on a “static transformer controlled by a mercury arc,” the aim of
which was to obtain alternating current from direct current to facilitate direct-current electric
power transmission. This research led to the creation of a glass mercury rectifier with a grid
in 1927. The group had difficulty achieving their initial goal because “the maximum electric
arc that could be directly shut out by the grid was about 1A. The voltage applied to the grid
of the first device was gradually raised. In the end, — 8,000V was applied for an extended
period, eventually breaking the grid and ending the experiment.” But from these difficulties
“it became clear that although the electric arc could not be shut out directly, the device’s
capacity to prevent the electric arc from occurring would make it a useful control method if
applied to alternating current voltages, meaning that it could be used as a two-way switch
or a circuit breaker.”

Takahashi was convinced that a hot cathode discharge tube would have the same
properties as the mercury cathode type, and sometime in the spring of 1929 his team began
studying hot cathode discharge tubes filled with neon gas. Here, however, they ran into
difficulties: “When the tube was finally filled with the proper amount of gas and the desired
properties had been obtained, the experiment was begun. But within just a few minutes,
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the filament broke, leaving us completely stymied.” What is more, A. W. Hull published an
article on his thyratron research at General Electric. Under the circumstances, Takahashi
and his colleagues decided they should stop occupying themselves with hot cathode discharge
tubes, which they were unaccustomed to, and devote their energy to researching regulators
using a mercury tank. A voltage regulator, in particular, was something they had already
been thinking about for a couple of years, and in 1929 they reworked their plans, beginning
experiments relating to a 35kVA alternating current generator for laboratory use in July
1930.19

The voltage regulator that Takahashi’s team had developed independently was wel-
comed most in the radio communications field. A broadcasting station in Nagoya, for exam-
ple, was having trouble with the direct current generator it was using as a power source for
filaments. Fluctuations in power source frequency were causing velocity changes, resulting in
voltage fluctuations. Takahashi’s newly perfected automatic voltage regulator was adopted
for the generator with great success.

Takahashi’s device, in combination with a generator, began to replace batteries, which
until then had been the only electric power source that provided steady voltage. Thus it
was that, through Tokyo Electric Radio Company, the automatic voltage regulator using a
cathode ionization tube with a grid came to be used for the excitation voltage regulator on
the 23-ton cyclotron at IPCR. It enabled Nishina et al to report in 1938 that “the cyclotron
works quite smoothly giving at present a deuteron beam of 20 to 50uA at 3.0 to 2.6MV.
When in good conditions, it has worked for some 30 hours without interruption.”2%)

At the time, the intensity of the beam from this small cyclotron, which weighed
23 tons and had magnetic poles 26 inches in diameter, compared very favorably with the
cyclotron developed by Lawrence and his associates in the United States, who were having
the problems described by Yasaki. In an article published in 1936, for example, Lawrence
reports obtaining a 6.3MeV deuteron beam of only a few pA from a cyclotron with magnetic
poles that were 27.5 inches in diameter.?!)

Although the nuclear scientists at IPCR never achieved their ultimate goals due to
difficulties in producing a large cyclotron, in the 1930s their research was up to international
standards. Conceivably, a major factor in making this possible was the intensity of the beam
produced by the 23-ton cyclotron, which they used to study atomic nuclei from the late 1930s
to the early 1940s.

International Caliber Research Using the Small Cyclotron

One of the high points of 1930s nuclear research was the discovery that uranium atoms could
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be split, which came in late 1938 through early 1939. Surprisingly enough, this discovery
was made using natural radioactive material and did not involve particle accelerators. At
the time, the main means of corroborating nuclear fission was by confirming the presence of
barium, a product of fission. Analyzing for barium depended heavily on the radiochemical
technology that had been accruing since the beginning of the century in the laboratories of
Irene Joliot-Curie in France and Otto Hahn in Germany.

But once the phenomenon of nuclear fission gained general acceptance among nuclear
scientists, the arena for full-scale research shifted from Europe to the United States, where
a great many cyclotrons were being built. These machines could produce neutrons having
intensities beyond all comparison with those obtained from natural radioactive materials.

The pace at which America was building cyclotrons can be glimpsed in an article on
the current state of cyclotron construction and technology published in 1938 by Franz N.D.
Kurie. In an article discussing the 60-inch cyclotron then being built at Berkeley, he refers to
the cyclotrons that were already in operation at Cornell, Princeton, Michigan, Illinois, and
Rochester, and also mentions that others—most of them larger—were under construction at
Yale, Harvard, Chicago, Columbia, Purdue, M.I.T., Ohio State, Washington, and Indiana.??
Research was at a feverish pitch. Between January 26, 1939, when Niels Bohr reported on
nuclear fission at the opening session of the fifth Washington Conference on Theoretical
Physics, and mid-February that year, reports confirming nuclear fission phenomena had
come from Columbia, Johns Hopkins, the Carnegie Institution in Washington, Berkeley, and
other laboratories. Simultaneously, discoveries of fragments and fission products other than
barium also came in rapid succession.

The geographical shift in the center of research activity undoubtedly reflects the
impact of the political and social climates of prewar Europe, particularly Germany and
France, on the one hand, and of the United States, on the other. At the same time, however, it
also indicates that research on the atomic nucleus—humanity’s most sophisticated perception
of the natural world—could no longer be conducted using “empty cigar tins.”??) Nuclear
research had arrived at a stage where progress was impossible without enormous research
funds and state-of-the-art experimental equipment. But scientists, themselves, failed to
relate this aspect of what they were doing to another one: By nature, modern scientific
research has repercussions that go beyond the laboratory and have immediate impact on
society at large. This is essentially the issue raised by Pierre Curie in his 1905 Nobel Lecture,
when he said that “...radium could become very dangerous in criminal hands, and here the
question can be raised whether mankind benefits from knowing the secrets of Nature, whether
it is ready to profit from it or whether this knowledge will not be harmful for it.”?4) Scientists’
failure to recognize this connection was a major factor in heading American nuclear research
in the direction of atomic bomb development during World War II.
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Confirmation of thorium fission: In March 1938, Nishina and his associates had begun
using the small cyclotron at the IPCR Nuclear Research Laboratory to irradiate lithium with
several microamperes of 3MeV deuterons and bombard thorium with fast neutrons released
as a result of the nuclear reaction. In the process, they studied the artificial radioactivity
induced in the thorium, discovering uranium Y (actually 22'Th), which undergoes 3-decay
in a half-life of 24.5 hours. This they considered to have resulted from the reaction

2Th 4 'ln >BUY + 2'n

indicating that the radioactive disintegration of a thorium series (4N) was converted into an
actinium series (4N+3).2%

In the course of this research, Nishina and his colleagues also measured the half-life of
the radioactivity of the fission products of thorium, but due to the difficulties of chemically
identifying radioactive materials, they were unable to point out the presence of the nuclear
fission phenomenon ahead of European scientists. About the situation at the time, Nishina
et al wrote:

We spent much time on the chemical identification of this substance. Its chemi-
cal properties were not easy to ascertain, but it was still more difficult to under-
stand the nuclear reactions concerned. Chemical properties suggested that either
“transuranic” or elements of lower atomic number than bismuth were involved,
but both these alternatives were difficult to accept at that time.2¢)

But once nuclear fission came to be generally recognized by researchers, Nishina and his
colleagues were able to point to the presence of Bismuth, mercury, stibium (antimony), stan-
num (tin), and silver as fission products of thorium. In addition, they found that radioactive
materials were also present in the alkali fraction, the halogen fraction, the molybdenum frac-
tion, the selenium + gold fraction, and the copper + cadmium fraction. Their well-known
report on this research, dated July 29, 1939, appeared in Nature under the title “Fission of
Thorium by Neutrons.”?")

In addition to this renowned discovery, from the late 1930s into the early 1940s
Nishina’s group was doing at least two other sets of experiments that contributed signif-

icantly to the global progress of nuclear research.

Research pointing to symmetrical fission: For one, they used high-energy neutrons to
demonstrate the existence of a more symmetrical type of nuclear fission, providing important
empirical data for elucidating the mechanism of fission. About a year after their research on
the fission of thorium, Nishina and his associates published two reports on their work, both
dated May 3, 1940. In one, “Fission Products of Uranium Produced by Fast Neutrons,”
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which appeared in Nature, they reported that the nuclear fission caused by bombarding ura-
nium with fast neutrons from the small cyclotron resulted in silver and cadmium fractions.
They also confirmed that indium was produced by the decay of cadmium.?®) The other, pub-
lished in Physical Review, was titled “Induced S-Activity of Uranium by Fast Neutrons.”?%)
In yet another Physical Review report, dated August 10, 1940, they announced that they
had confirmed the presence of palladium.3)

Their results were confirmed at Berkeley by Emilio Segre and Glenn T. Seaborg, who
published a report titled “Fission Products of Uranium and Thorium Produced by High
Energy Neutrons;” it was dated December 12, 1940, and stated that they had conducted ex-
periments using ~17MeV neutrons with strong intensity produced as a result of the reaction
from irradiating beryllium with deuterons accelerated to 16 MeV in the 60-inch cyclotron.
In addition to confirming !'2Pd = !'?Ag disintegration as found by Nishina’s group, they
discovered ''Pd —> ' Ag disintegration.?

These experiments played an important role in clarifying the mechanisms of nuclear
fission. R. D. Present and J. K. Knipp at Purdue had been making a theoretical study based
on a liquid drop model. Up to that time, experimental evidence had indicated that it was
“very improbable that the nucleus should divide into nearly equal fragments.”3?) Present
and Knipp were, however, forced to reassess their theory after the discovery of symmetrical
fission phenomena, which had begun with Nishina’s group. A letter from Yasaki, who visited
the United States in the autumn of 1940, also attests to the great impact that the new data
discovered by Nishina and his colleagues was having on exploration of the “potential barrier”
and “dynamical” models.3®

Paving the way for the discovery of element 93: The other set of experiments that
Nishina’s group undertook related to isotopes of uranium that undergo 8-decay in a half-life
of 6.5 days. They proved that this isotope was 237U. This enabled them to propose the
radioactive disintegration of the neptunium series (4N+1), which had not been present in
any of the natural radioactive elements. In their May 3, 1940, report in Physical Review,
Nishina et al indicate that when they used the small cyclotron to irradiate uranium with fast
neutrons, even after eliminating the products of uranium disintegration and the products of
uranium fission, there was still material having S-activity with a half-life of 6.5 days in the
uranium. They conjectured that this would be 27U arising from the 233U(n,2n)?7U reaction.
They also stated that if 237U is undergoing 3-decay, an element with the atomic number 93
should be created. They tried to find this element, but without success.3¥

In the meanwhile, their discovery was confirmed independently by Edwin M. McMil-
lan, using Berkeley’s 60-inch cyclotron. The completion of this cyclotron enabled Berkeley’s
researchers to perform more refined experiments, in the course of which they also extracted
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element 93, which is created when 27U disintegrates. On the basis of his experience ex-
tracting the isotope of element 93 having the mass number 239 (which he did with Philip
H. Abelson), McMillan extracted one having the mass number 237, which was created as a
result of the S-decay of U®" using cerium as a carrier. McMillan’s report on this research
was dated June 28, 1940, and appeared in Physical Review under the title “The Seven-Day
Uranium Activity.”3%

Nishina and his colleagues conducted their research during this period with only the
small cyclotron. American scientists marveled at the results they got using 3MeV deuterons
of only a few microamperes. In a letter to Nishina, Yasaki reports that McMillan expressed
great admiration for their having so clearly confirmed (-decay within a half-life of 6.5 days
using fast neutrons of weak intensity obtained by bombarding lithium with 3MeV deuterons.
To achieve the same results, McMillan, himself, had used fast (16-20 MeV) neutrons of strong
intensity, obtained by bombarding beryllium using the large cyclotron.?®) But Nishina and
his colleagues were unable to develop these studies further without their much-desired large
cyclotron.

Yasaki’s discussions with American scientists overwhelmed him with the power of
the large cyclotron. Writing to Nishina, he was already expressing the hope that the large
cyclotron under construction at the IPCR Nuclear Research Laboratory would be used to
study uranium fission using protons and - rays, as well as element 93 created from a (p,n)
reaction.3”)

This cogently illustrates a point made earlier, that in modern science, the research
tools that are employed determine what results can be obtained. Nishina’s group included
Masao Ikawa, formerly a researcher at the Asahi Glass Co., whose ability to perform ad-
vanced chemical analysis had been producing results that won the admiration of American
researchers with larger cyclotrons.?®) In the end, however, no amount of skill could make up
for the difference in the capacities of the large and small cyclotrons.

In Japan, however, the large cyclotron ran into problems in the development stage.
In the end, it never produced the anticipated results, for in late November 1945, both of the
IPCR cyclotrons were dumped into Tokyo Bay by the American Occupation authorities. I
would like to leave historiographical examination of this incident for a later monograph and
focus here on the situation that was faced in developing the large cyclotron.

The Role of the JSPS in Developing the Large Cyclotron

At a meeting of the trustees of the Japan Society for the Promotion of Science on March 31,
1937, Nagaoka, then head of the Academic Research Section, stressed the need for “general
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research” and explained the significance of developing a large cyclotron:

At present, experiments with element conversion are drawing global attention....
Still in its infancy, this research can not yet be applied to industry. But we do not
need an expert to tell us that if these purely scientific experiments are successful,
the day will come when they can be put to commercial use.3?

After discussing the development of the small cyclotron at IPCR, he concluded:

Because [the small cyclotron] puts out only three million electron volts, it is
inadequate for experimenting on all the elements. Therefore the JSPS has drawn
up plans to establish a section for element conversion experiments under the
subcommittee for cosmic rays, which are closely related. A reserve fund of ¥
110,000 will be set aside to develop and install a large cyclotron that will produce
over 10 million electron volts and can be applied to all the elements.*?)

This meant that developing a large cyclotron, which had been one of the most impor-
tant items on the opening program of the Nuclear Laboratory, was no longer exclusively a
project of IPCR, which depended on private foundations for funding. Bringing the project
under the aegis of the JSPS, a government foundation, turned it into a joint project involving
all Japan’s nuclear scientists.

Nagaoka made it clear that the project aimed to develop a large cyclotron for joint

Of course, it will serve scientists and medical researchers who are involved in
nuclear studies. We anticipate that many specialists will visit to do experiments,
so it will definitely not be for the exclusive use of the people at IPCR. I request
your understanding in this regard.4V

It seems to be an inevitable aspect of scientific progress that development of large
cyclotrons is financed on the national level and the resulting equipment is shared by many
researchers. This makes it necessary to take an overall perspective in evaluating the role of
the JSPS in the historical context of the 1930s.

Table 1 shows the research funds of JSPS Subcommittee 10, which had jurisdiction
over the study of cosmic rays and atomic nuclei. The addition of nuclear research made the
figure for fiscal 1937 especially high; of this, ¥ 110,000 was earmarked for developing a large
cyclotron. This table makes it clear that although absolute expenditures increased over time,
the ratio of Subcommittee 10’s expenditures to overall JSPS outlays declined steadily except
for one special period.
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Table 1: Expenses of Subcommittee 10

FY1934 FY1935 FY 1936 FY1937 FY1938
¥9,136.33 | ¥13,335.00 | ¥15,150.38 | ¥127,850.00 | ¥49,929.24
(5.7%) (5.9%) (5.1%) (24.1%) (6.2%)

FY1939 FY1940 FY1941 FY1942
¥59,725.63 | ¥51,542.00 | ¥60,000.00 | ¥56,860.00
(5.4%) (4.3%) (3.9%) (3.0%)
Source : Compiled on the basis of Nihon Gakujutsu Shinkokai Gakujutsubu,

Showa 17 nendo jigyo hokoku (Annual report for fiscal 1942), April 1943, p. 161,
Table 2, “Research Expenses, FY1933-42,” and p. 168, Table 3, “The Four Spe-
cial Committees, Subcommittees, and the Geophysical Exploration Laboratory.”
Note : The figures in parentheses indicate the percentage of the total combined
expenditures of JSPS special committees, subcommittees, and the Geophysical
Exploration Laboratory.

Table 2 shows the total amount awarded in research grants and subsidies, an important
facet of JSPS activities, by the Fourth Standing Committee, which handled funding for
mathematics, physics, astronomy, and geophysics. As this table indicates, the ratio of grants
and subsidies made by this committee to those awarded by the JSPS in all fields peaked at
13.6% in 1933 but, on the whole, declined steadily thereafter.

Table 2: Grants and Subsidies Awarded by the Fourth Standing Committee

FY1933 FY1934 FY1935 FY1936 FY1937
¥60,900.00 | ¥48,394.32 | ¥45,270.00 | ¥22,286.00 | ¥31,054.83
(13.6%) | (106%) | (10.5%) (5.6%) (10.0%)
FY1938 FY1939 FY1940 FY1941 FY1942
¥20,370.00 | ¥18,920.00 | ¥24,210.00 | ¥40,720.00 | ¥28,250.00
(6.6%) (6.6%) (5.9%) (8.5%) (6.2%)

Source : Compiled on the basis of Nihon Gakujutsu Shinkokai Gakujutsubu,
Showa 17 nendo jigyo hokoku (Annual report for fiscal 1942), April 1943, pp.
175-7, Table 4, “Percentage of Grants, Subsidies, and Commissions by Type of
Research.”

Note : Figures in parentheses indicate the percentage of awards in all fields.
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The historian Tetu Hiroshige has written that “the objective duty placed upon the
JSPS was, in short, to promote the modernization of the Japanese academic world so that
it could meet the demands of Japanese capitalism at the time.”4?) Although the treatment
afforded to pure science that is evident from the above data has probably led him to make
this evaluation, I feel that there is far more to the overall picture than he allows for. Close
examination in light of the situation in which scientific research had been placed prior to the
Society’s establishment indicates that the JSPS fulfilled a very important role for researchers
and the development of pure science. In a review of its first decade, published in 1943, the

JSPS noted that:

In the past, lack of funds has prevented many motivated researchers in univer-
sities, laboratories, and professional schools from doing adequate research. There
is considerable evidence that support from our organization has enabled such sci-
entists to carry out their research programs. In particular, it is most gratifying
that progress has been possible in pure scientific research, which heretofore has
had difficulty getting support.*®

A general evaluation of the JSPS must wait for another time. Here I wish to empha-
size that the development of a large cyclotron at IPCR became feasible as a joint project
only after it could rely on government-level financial support through the JSPS. Thisis an
apt illustration of how deepening human perceptions of the natural world lead to scientific
progress that, in and of itself, turns scientific research into a joint endeavor.

The Japanese Electronics Industry and the Development
of the 60-Inch Cyclotron

In a lecture delivered at Tokyo Ishikawajima Shipyard on November 4, 1938, Nishina de-
scribed the state of the project to develop a large cyclotron:

It was decided to make a magnet with a steel portion weighing about 180
tons by layering 2-inch-thick steel plates, each weighing around 2 toms. The
coils, which are to weigh 24 tons altogether, and the iron tanks for immersing
the coils in oil, are to be made in the United States and shipped here.

There was some question as to what would be done about manufacturing and
assembling the steel portion and the coils, but...it was decided to ask Ishikawajima

~ Shipyard to handle the job. The steel materials arrived in Yokohama at the end
of January this year. And, despite the troubled times, assembly was completed
in June as scheduled, thanks to the special effort made by all concerned.*4)
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Nishina’s report makes it clear that, unlike the case of the small cyclotron, a new
electromagnet had to be constructed explicitly for the large cyclotron, and cost considerations
necessitated importing the steel for it from the United States.

Moreover, given the size of the equipment, it was beyond the powers of the IPCR
Workshop to assemble the electromagnet or cast and build the accelerator chamber. None of
this could have been accomplished without the engineering skills of the Tokyo Ishikawajima
Shipyard. Nonetheless, at the time of this address, Nishina was confident that once the
electrodes then under construction at IPCR and the oscillator that had been commissioned
to Tokyo Electric Radio Company were completed, the large cyclotron could begin operation
within three to four months.*%)

In fact, however, Nishina’s projections proved far too optimistic. The large cyclotron
was tentatively assembled in 1939, but unlike the small one, it did not immediately produce
the desired energy and beam intensity. So it underwent “a major overhaul.” In 1951 Keizo
Shinma, Fumio Yamasaki, Asao Sugimoto, and Eizo Tajima, all of whom had worked with
Nishina on this project from the late 1930s through the war years, reported on the factors
that had made this overhaul necessary: The gap between the poles of the electromagnet was
too large, making the diameter of the homogeneous magnetic field too small; the exhaust
speed of the vacuum pump on the ion accelerator chamber was insufficient, making a poor
vacuum in the chamber; and the high-frequency voltage did not load high enough on the
dees.

In an effort to overcome these defects, Sukeo Watanabe and Yasaki went to Berkeley
in the autumn of 1940 to observe the operation of the 60-inch cyclotron that had been
developed under Lawrence. Their visit resulted in a decision to design most of the cyclotron’s
major parts on the basis of the Berkeley cyclotron and to import a VSD778 vacuum pump
for it from the Kinney Company. This corrected the first two defects to a certain extent.
But although they loaded the dees with high-frequency voltage using the 1/4 wave-length
coaxial resonance tube method used at Lawrence’s laboratory, they were still unable to
obtain satisfactory results.4)

Clearly, progress in related areas, such as vacuum technology and high-frequency,
high-power electronics technology, was very important to cyclotron development. Further
examination of the level of Japan’s high-frequency oscillation tube technology and the nature
of the country’s electronics industry in the 1930s points up some important aspects of the
causes of this failure with IPCR’s large cyclotron.

Development of the TW-530-B tube and the electronics industry’s response to
military demand: In 1934 Takuji Kuno, who had worked with Imaoka to develop the
SN-167 tube, described the progress that had been made on high-power transmission tubes:
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Today’s highly powerful transmission vacuum tubes can generally be grouped
into three categories: those for broadcasting waves (wavelengths of about 400
meters), those for short waves (wavelengths of 15-18 meters), and those for ultra-
short waves (wavelengths of 10 meters or less), each of which has a different shape

and size.?”

Even more interesting is his perception of short-wave communication:

According to the experiments performed by Namba and Ueno, a wavelength
of about 30 meters has the best communication capability. If wavelengths in
this vicinity are utilized, an antenna output of less than 50kW is sufficient for
international communication if space waves are used.*8)

He summed up the situation at the time:

The present record for output obtained with undamped oscillation is 500kW
at broadcasting wavelengths, about 50kW for short waves, 15kW at 5 meters,
and about 15W at 1 meter. There is currently no need to obtain greater output
for medium and short wavelengths, so progress is at a standstill, but for ultra-
short wavelengths, we are putting tremendous effort into getting more powerful
oscillation.*?)

Kuno’s discussion makes it clear that in the mid-1930s little progress was being made
on high-power oscillation tubes for short waves, which were important to cyclotron devel-
opment. But after the Manchurian Incident in 1931, Japan’s imperialist expansion on the
Asian continent spawned overseas broadcasting projects that changed this situation.

It was the role of overseas broadcasts to “give the most advantageous presentation of
our country’s position to the rest of the world.”*®) They were begun around 1932 by Nippon
Hoso Kyokai (Broadcasting Corporation of Japan), using the broadcasting equipment at the
Nasaki transmission station of the International Telephone Company. Kuno remarked that
he and other researchers were “putting tremendous effort into the competition over high-
power broadcasting to give greater advantage to the country’s public relations endeavors.”3!)
But he felt that “scattering useless radio waves in foreign countries having different languages
should be avoided insofar as possible.”? As the war expanded, however, the Japanese gov-
ernment decided to develop a short-wave oscillator that would “have the maximum possible
power output so that reception would be feasible even if there was a bit of interference and
fading.”%*) That was in 1935.

Nippon Electric Company responded enthusiastically to the government’s decision
and immediately set about developing a high-power, short-wave transmitter. The oscillating
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tube produced in the process was the TW-530-B tube, a 60-kW water-cooled, cathode-type
bipolar vacuum tube.

By thus bolstering those aspects of its engineering that met military needs, the
Japanese electronics industry, which had extricated itself from total dependence on for-
eign technology only a few years earlier, managed to produce the world’s most powerful
short-wave transmitting tube, the TW-530-B. This progress was not a cause for unqualified
rejoicing, however, when considered in conjunction with cyclotron development. Progress
on the cyclotron was greatly affected by the electronics industry’s orientation toward meet-
ing military needs and, in the end, the results that Yasaki and his associates had hoped to
achieve in nuclear research could not be attained.

The limitations of large cyclotron development: In a letter dated October 9, 1937, the
year that JSPS Subcommittee 10 decided to develop the large cyclotron, Nishina requested
Imaoka, who already had a commission from the subcommittee, to produce an oscillator for
the cyclotron. The letter of request specified that it have an output of 50 kilowatts, wave-
lengths of 18 to 38 meters, and a crystal oscillator wavelength control mechanism (master
oscillator). Delivery was set for April 30, 1938. Nishina concluded his letter with the com-
ment that the cyclotron magnet would be the same size as that used at Berkeley, “so if we
begin work much later than they do, most of our purpose in building it will be lost,” urging
the early completion of a large cyclotron in Japan.’¥

Nishina and Imaoka subsequently exchanged letters regarding the wavelength range,
an important aspect of the oscillator’s capacity. Then, in a letter dated August 5, 1938,
Nishina asked Imaoka to do everything possible to get the oscillator delivered by September
30%%)—already five months behind schedule. A written estimate issued by Tokyo Electric
Radio Company to IPCR on March 16,1938, indicates that the equipment to be delivered at
the end of September was a pair of high-frequency oscillators using four Cymotron SN-168
tubes. The price quoted for entire set was ¥ 69,458.56)

For Imaoka, creating a high-frequency oscillator that met the above specifications for
wavelength range and output probably meant developing new technology. How this oscillator
performed when it was adopted on the large cyclotron is, however, unknown. The paper by
Shinma et al cited earlier, the only coherent document on the development of the large
cyclotron, refers only to the TW-530-B tube (made by Nippon Electric Company) and a
self-excited, tuned grid, tuned plate, push-pull oscillator that used two of these tubes.’”

Why the oscillator using four Cymotron SN-168 tubes was changed to one using the
TW-530-B tube is not clear. But even the TW-530-B, the most powerful tube in the world
at the time, did not have sufficient output to serve as an oscillator on the large cyclotron.
In a letter dated January 11, 1944, to Yasutaro Kato, head of the engineefing division at
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International Telecommunications Company,®® Nishina wrote:

Fortunately, we have been progressing steadily toward our goal. But re-
cently it has come to light that the TW-530-B vacuum tubes made by Sumitomo
Telecommunications Company [sic] that we are currently using for the high-power
oscillator are putting out far less power than we need...although I realize that you
are very busy, I would like to ask that you check into whether your company has
suitable vacuum tubes, and if so, use your good offices to make them available
to us.%)

The conclusion to be drawn from this is that development of a large cyclotron required the
development of a new oscillating tube that had greater output than existing high-power
short-wave oscillating tubes.

But the military demand that had spurred the rapid development of Japan’s elec-
tronics industry in the 1930s had, in the final stages of World War II, turned the entire
industry into “factory-wide battlefields on which to serve the country with radio waves,”%%)
and it was impossible to develop new technology in divisions having no direct connection to
weaponry. This clearly illustrates the way the progress of technology is hindered when it
is turned solely to meeting military demand, consequently placing limitations on scientific
progress. The abnormal situation this created also took its toll on researchers like Imaoka,
who was compelled to direct plant operations to meet the military’s production demands;
he became neurotic and died on March 14, 1944.

From the standpoint of experiments using the cyclotron, insufficient oscillator output
meant, first of all, that the accelerating electrodes could not be loaded with high voltage at
high frequency, so the beam produced would inevitably have had weak intensity. Experiments
using a weak beam would have necessitated an internal target. And, in fact, Shinma and his
associates later wrote that, based on the results achieved:

...we judged that it was adequate for experiments on an interpolated target, but
that the rise in Dee voltage was not yet sufficient to draw the beam outside. So
we finally decided to experiment with an interpolated target. At this point, we
decided to suspend overall adjustments and begin using the large cyclotron for
our personal experiments from around July 10.6V

That was in 1944, seven years after the project to develop a large cyclotron had been
launched. In the end, the project was hamstrung by the slow pace of Japanese technological
progress in the 1930s, when the focus of development efforts was concentrated on military
technology. And, as Kobayashi has pointed out, “to do research and create something special
in the absence of production technology was, in itself, exceedingly difficult.”?)
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Conclusion

The above examination has made two points clear. First, the progress made by Japanese
nuclear researchers in the 1930s was due to the completion of the 26-inch cyclotron, which
was entirely the product of domestic technology. Only when it became possible to pro-
duce the research tools in Japan did the country’s nuclear research program make notable
progress. This paper has concentrated on nuclear research, but the same phenomenon may
be observable in other fields, as well. Many different methods of periodization are used in the
history of science in Japan, but full-scale examination in conjunction with the development
of research tools is needed.

Second, there was a very pronounced change in the scale of scientific research. Writing
in 1957, the historian Kunio Oka noted that this expansion in scale was accompanied by
“fundamental changes in the nature of science and its relationship to society in modern
times....[The scale has become] too great for financing by a wealthy individual or a single
academic institution and has to depend on the power of zaibatsu or government. This is,
indeed, one of the ‘crises’ that science now faces.”%3)

It is also true, however, that one aspect of what he views as a “crisis” involves factors,
such as the joint utilization of research tools, that encourage researchers to organize and
make scientific research a social activity. The question here, however, is whether organized
groups of researchers have actually directed their efforts toward scientific progress that led
to true benefit for humankind. The activities of Japanese scientists in the 1930s need to be
reconsidered from this perspective.

In conclusion, I would like to extend my gratitude to the staff of the Nishina Memorial
Foundation and the former personnel of the IPCR Workshop for their gracious assistance in
preparing this paper. I would also like to express my appreciation to the late Takuji Kuno
and to Akira Sasabe for rewarding discussions. And lastly, many thanks to Masa Takeuchi
for giving me valuable advice on this paper and encouraging me to continue my research.
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A Consideration of Social Meaning of Consensus Conferences

by
Takao KIBA

In recent years, recombinant DNA, the greenhquse effect, and other problems related to science,
technology and society have become more complex. These problems cannot be easily solved by
scientists, engineers, and government alone. Greater participation in decision making is being
sought from the general public. To facilitate greater citizen input, a new decision making system
called consensus conferences is attracting public attention. In this article, I first present an outline
of consensus conferences. I then argue that the mechanism of consensus conferences is one of the
developed types of technology assessment that has emerged as a means of overcoming the
paternalistic policy decision making process; the purpose is to obtain the ideal consensus. Second,
such expectations derive from the inadequacies of close theoretical examination of consensus
conferences. In fact, consensus conferences should be interpreted more as a democratic
visualization of the problem than as a tool for building consensus. Evidence supporting this

argument is obtained from examining actual consensus conferences in Japan.
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Max Planck DERMI T b O —DEAICEET 2RI FHHIRRZ!
R TEK ITH2I48 NEBAA  IRMEHE  LKIER

48 100 FEFZFTD 1900 481, Max Planck(1858-1M47)IC L > TEFBEHEAXI N, Zh
AR & ISR EOH - RIE D 2EIF53DTH o/, Planck ICBET 28
FORATREIIERICHEETED, ZN5DZ IR FRISDEEDEAR & 2> RO BIEHH
RICEBLELDTHD. AL, Planck DHBHMEDOHTTY, ZOHEKICEETZHDT
H3.

Planck iXZMEHNOIAEICH =D, EBHEBEB L UHRBFOEFhZNIZZ Y boE—2BEL .
1899 48 5 Bz W= TREEMREHERICOVWT) ¢, #HiZ—BEOHBFOT b
DE—SIZMNLT—oDXEBEE2E5 1=, ZOSORE, YHOKBRERIIRIEATILALN
TWi=Wien DIENRNZ2EL L TCEERREZRE L. 1900 Fick3 e, SORIFEE2ELE
Z %71, Planck B OEHN R 2B 2 LT EREEERDDTH . £, TXNVF—EBF
FSIEEEh2ER2RELT 28 TCEEN-ZDTHS. Planck DHMEHER CERFHID
HECLS>TSORIIBERDZYDESE=. F=FEL, ik 18994 5 AR UFSORZHEAT
I LT—gHE Sz ko, LENST, Planck BSOR, HTH 1899 £EOFDS D
EREZLEODISICAHELEDDPEVWSEEIXCNE CTRERDEITHEDOFTEZLHLLNT
3

AL, Planck OMELEER/LZEHIC, OISOy bur—SoERlbiciEE
L. BROMERY LT, $TE 5T 1899 £LUATIC Planck 1T o FFH 2 HBL, E=&
TiE 1899 £ 5 HARXEMB L 2D S Planck BSORE LD LS IC/ko =B R UL ENET
X, Planck o> PO E—HEAIZRET ZATHFRICMHUNREREMZ /=, BHETIZ, 1899
E5HARXICBIZSORORRZHETZL DI, ThETEANICEREI NS oy
o7z Planck DFARAEIZDWTOHF L1, BAETIE, LETHN = AL Planck DAbDER
CBITZAKLOREM R, FHLETIE, YRFOMEBEBHTRICHIT S Planck D HEDOE
BRIZDOWTEREfTo=. CORR, =2 hob—SoX X VienEBHRAOFEI LB S
WS BfEHs Planck DURFOXARE BO FEH RNV L, £, ZORMEFELIHICT SR L,
1899 4 5 B X D A ED RN KD 7= SOAL S HENIZ WienR 2B L WSROI,
MZT,ZDAHED 1901 EIZE B ETD Planck DHEHBIERXTHRONZ T L E2HLDIC
UJz. BB, Jefitt & S oM & 2H D AT Planck A&, LRFOHIBEHAEICED
o 7= DFEFHEIE Rayleigh S5O LS IC AN X —EREA R L OEHBIRB O TIERL, »
DRIEDEEREIPEE Lummer 5D L S IZERERIEP DICWDNZ I L P o -HOWMERES
2RTODTHD, BRL LT, YRDOER»S 2 HHM L ERERDPSATHEEL D
WAERDALSDTH oI LEBRLE. '

URBOMBKIMIE, Max Planck ORMBMTFRD S HAORBK L\ > EHT P {LRES (No.3, 2000)
D 33-50 HiciBBx hr=.

2 M.Planck, Uber irreversible Strahlungvorginge. 5.Mitteilung, Sitzungsberichte der Koniglich-Preufischen
Akedemie der Wi. haften(Berlin), SS.440-480, 1899.
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BB IR W D Th-o7-. Figl (CBoREDTEE S OSBRI 25V o= BMERAIZ 1317 5l
BASOBRRIL, EICHR BEREBICEIT RSSO oSEC RO T .

- FRI-CORME
o)) TR .
: E
: opu oo
: Py &‘F I-.?Il
1000 D FeB mESE .
| ohis maes o, gzﬂ snins

O Nik 4R ABymaLle fcu *BTes -~

0ol @ N SiEROR R, A

FONIE st Rsicoloy—pw oY P15 10068
i aCZ WEHR S
g |scanmea  wmealHies
: A CoX SHRROE o , T
| Sy N
| - ) y. .

y > 15e80 qg -«n,

ool B o b sl
Y NimmicS - . o

B fo-an, A TowniT2

0 _epoe
. o0
1540 E .

Fig 1 TAHREDE{ DL -G @O (RFIREEIIE /15kgf fcm? Db ETOD 100 BERITIY—7
BEAECHRETRLE)2

D IS, ST, TOMEHZEILT Bl 4« OB BRI A E->TWA. Leo T~ D
BT REY SAMICIBET A0, MEEIRORBELHFE TEZLLELDHS. MEDBURIZOWT, #
EHEROERDS, L BEHTEAEHHLIDED RS X H23.

A CIIEC RIFUIAM DB RIET 552 BRIL L. Lo LEBR T, EiRORESRE.S
BHHEL THY, SMEOERZT 24 20IRME T, Lo TEH 2 3" BRETR LLBHIEA
R ChHDIRTIBBL PITRIE ST AHIC L. ZOFR THMEIDE I RE THHEEL LN AT
DOFRAFIHHCE B L. Fhu 19 HHE, RATIRO LI KBE IO & A R LOLELY Wb D
12T, MBHISH AESRARL I ETRLOD1 D THHES ADT xyhx Dy HRF—E U LR
BOWRBREEOLOLEL LRSS THS. BI-L THEIR- BRI OO EEARSHBEOR
FICRIFUIBBLIIN D2 DL D Th-oT=DTHAIN. LLEAh, RATDIEB THENTSE
BB BUEIIBRII 2. AR TR NETELN TEI2RAFHROE DIz, BTkl

1 M BRETHRIRIZ e & BAE © 21 HHCO BT IR JTEHRES, 1979.6, p.6-7

2 KA, B)I[&RmESSR), 6, 1967 4F, p.783

3 MEOREIZL > THU OB ERHENBL OSIRT, SBAMEEDEH DB RFLIZE T, SHITHIH
- BRERDIIED HITRABIRIC Lo TERSN TV,

A R EREETBRICH & B R TERES, 1979.

Bl AAH TR AR, 1976 4, p.341.

1 B AL CRABRICLDRATREOHRN DD, FEITHZEHIZIE LI RR L —EORITI RO
BHROBAFAZE ARRATH I D TEBA 2 BRI LS T I RA T FoE L DTS, BhH0, SHITi
[ABE RN L RHEL L XI5 BRI Lo TRIET BV O HHTRED — AT PRI RISl &
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FEAZEA LT, SHITRAT MR BLERTREIC L7 BB I L U DM TEAR O REL R A T FED
BHRIZ DOV TE R TS, BOBORHUT 17 AR5 1860 FFRETEEIRD. ZOISITBOFERE R -7
B, RON-HPE THIERBA ZIC I U RIDREEE T 5THBALI DL D THS.

2. (KFEMBIAR A S OREE MR ORE

21. A RYYYRA S EFERAROEE

A7) — (Thomas Savery, 1650?-1715) i3EMIZ/2 27 THEBI % 91D THARL /-5, BdESHsRa%
FULTOHEARITERUIA, ZOMBOBIRISILCHERT LN TEDRD, FidHes ifa-
DIz, BERROHERICHEEL-. 1710 48, AV 7)—idfn Froa— e 1o 7 AqEREK
BEIRERRL-. BRIRATBLUSERIGT, EHBRLERIIER T <O, R BITTXTNAT
EAIN T, HITRKRELZKRTED 8 20 L 10 fEHZET T, 20DV FIIETITLEND, JES
THBOHE B OV KD TRERA TLEST6. BERREAV =AY 7)—DXBOFERIL,
THERIRAA+5ThoT-%, BIECTHZ AWML EN2h 7= THD.

AT FV— DI L ==2—=2 A (Thomas Newcomen, 1663-1729) %, KQET, T7ebbi U
¥ —NTERILEGESYE, TOAETIET BRI, YURFOMER TR RS LU TR
KEZEZ N, =2—a A OFNE>TREERIE AV VRV TEL L IO, RSEXRTERVEHE
Tholz. 1720 FI—IENT 427 OAGERITRZSITABIDFRA FIIRB THh-7-. 1725 FEEDHH
BEF NI~ —TEELTARDBEREL TAFFREIZRDLEIRICE > TR 7. RATRgRIRIZS =
Oy 7 —Da— VT N 7T — B EHEEINTZS. L LA ZI3BEDL T &V ESEL2RAETAFIX
Tehsol-.

e s 8780 e Cd

Fig 2 =a—aAO~ARFIRATF

22, Dvw h@ODI LKA S EINRLSOER

Pz — AR Ty NIRRT 1A B DU R EIT o1, —a—a A HEALIIAEMICRIL T, 12E
latm TEMET 24V HETHS. BEASELELLRVZYD, RATOBEE CITEETHT-. TD
Ty MIRAZIZOWTIHIEAE KB U o Tz, Ty MBSRATIZOWT To7-ME—Dek BT, IZAERED
AR THD. KEYSI-DONZEEL NS D717, iR T2 TITRS0RS2ELL, FHRHD

DLR—FTHD.
ARERHFORRE LB AEEBOER TRZ 0 28 5-(1954 £6) pp.12-17.

ARER ARSI NER SR ERRKURBMSENIE HRES R TR FEHR)E 32 5 (1955 4F) pp.19-27.
ARER BARREOARA TR L EHiT SR ORHRX 57 T 0B 7E)5 35 5 (1955 45) pp.28-32.
ARER ATE ST FIR: ARSI I RETRITEEEHE)E 40 5(1956 4F)pp.14-21.
BATER BIMIZ 3BT 2NRREEERN WO T TR SRS 52 5 (1959 4F) pp.16-23.

5 Thomas Savery, "An Account of Mr. Tho. Savery's Engine for raising Water by the help of Fire," Philosophical
Transactions Vol.21. (July 1699), p.228.

8 H-W-7 %>V (BER ASEAOEL) FAL, 1994 4, p.39

TH-W-T X ARSI ORES ) FRA4, 1994 4, p.143.

8 D-S-L-Cardwell, the fontana history of Technology (London:Fontana Press,1989),p.162
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IRAEOFTIREE BTz, ZhT MR OERERIOR AT TS RAZEETIN TV, X
NIEH ISR B LT SRRAMER SN TV V=, 1783 £~V —-a—} (Henry Cort, 1740-1800) A3
Rt/ SRV~ BRI Lo TEESRIR (BLE 5/16~3/8in) 73 1795 4ELIRE, —AMCAFETERIOCARD. =
NHITFNETERYHIH TRy M I THERSINTZ. ZOT L THRATIIBEDLLTEVVER
EERATIEIIRD 7.

23 (REESHBNIC &I 2RO E

VAN THEBIN K RERBI A AR X B2 72027 DIX, TR R+ Thor-3E, BEICHZ
BRI ol B THD. [RREFR ZFRALEESEBEIC LT, RT3 AX L EL 5D
HO Tl BYIORATHENIFTHY, BER - FEATHEEMERSN O V-$2EE T 5L,
FERATIERTIFIITLKYSRDOBETHIEEZLND.

{EEHEAIT 1 ARATHENIERN OI88%, EDIZ/SFASA~BITL TV K. Z0Z kit Bl ce
ZolbiF TR, FORBIIE 112, RATAEL CUIBMEMD B\ RO E B FHITHEE. B 212,
AXYROEEKITIRAY = —F ooal 7RO R TRENED - B, 8 3ICBEASE AV 2R T
TR Lo THUIAENIV 28, RATZITTKRUIZTRAREI TSRO DIV TV Ved o= B ThD. L=
STZOMEDISBIIRAZ DMERE GRRIES - THAME) 280 57T 7= b D TR, AFDEHE,
D ESIZE-> TR ST-DTHS.

3. EEHEBEARA S OFREE RSO RE

1800 4, VbR RS RERIEZASBBEOBRENIAES. TN ETOUT L RATTIIPIRIZ AR
Mdrol=i=th, 1L & At VIO LU BERRE R RIERTER) . L= ->TEERSE
BIDBARIL, BERRICERITHRAIDRATIREBRE T AENLIAEST-DTHSD. i LDHESE HiT,
F1-RAT%hRE LT 5= RASN = OBABERAT Thor-.

LAL, BEERDIRATERIRY, BEERTRAT OREIIRELEBDT-. ZORRIEREOE WS
72Dy B M T ERT ORI LBLDTH o7z,

31, 1 FER 1 S LEskaiER
311, A FY R ZEERSMBIORR

UFy—K M4 7 (Richard Trevithick,1771-1833) 31275 F CaEHBIDBIRICRVEA TS,
FHIEECERITHZIBDRAT OMER LTRSS A AL TEERSHSBICBYEL-. HaId T
kA L= 1802 £ THD. 1806 FIIIMBIAAT 23R I-. ZhitEgkosadzt b, Z0Ri
HIZSRERDOIRE RV NED L, MRFEE% PR OSSO UFRDOEEL Z DRIZERIELTZ 1. Kb /3y
MZF B0 F —BRATRERC B NN, ZHiA Ba—=y L aBAFEETN T3,

Fig 3 NS o2 DRAT, 2 #5855 1806, £ $kgkM! 1811

1803 £E9 A 8 B/ V=y P ThU oL ZDRATINBRET HBEDEEET-12. L 4o JI3EERT A
BORATEEE CEWET AEN L FCHISLARWEE X, 1811 ELUBRAS 88k CRYET A IO
3. 1811 £, a—2 04— NDF Na—ZGEIIN T 19213 3 DORATEHEIRL, N2 DI3sEek BRI
FEARATTh-o1218. L, 88k% AV BZDORL LI, ZORA51 1813 FEIZ Rk P8Ry ORE

9 H-W-F 1%L/ A EKEHOEES] FALL, 19944F, p.143.

0 HW-Fa% Y/ [HRKEAHDOES] p.144.

11 H W.Dickison and Arthur Titley, Richard Trevithick, The Engineer and The Man, Cambridge, (1934) p.61.
12 Dickinson and Titley, Richard Trevithick, p.60.

13 W.D.Wansbrough, Modern Steam Boilers, (1913) pp.3-4.
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7 —4—-L7 (Arthur Woolf, 1766-1837) i3EN TR TIEDHREA RO HAMTE L L Tribh 2 BoiE
IEMSRADBIREIC BFATE. 1811 Fa— 7+ — /L THABEZ RUWELIAD =23, 58k CTo<XbIARA5
IIIBALAHIZ DR TV HIC, ERISERL TKMBRN TLEo7. B30 2 BRI
BV TELWEHAI—fTo TV . TR A T2 85885 CRYET 2F 2300 T 5. 287 bsgio
FATLVEBRBLRAS D HHBEL, LVEFHENEV EEX QoL THAMU, LA LEDOEH SN HkR
D L OB AR IR T BN TER DT, MBI RTAE AN TR O A HED 0L BRA
SEEEDOEET, RUNL T OBBEUEDERELL > TL THRR TEXRV WD THHT2DThHD. £D7H
IV OB S E LD E B2 Do, FLT 1818 FEITIT N T 4L v 7 DFREHI L DE R SEREIR A
FEBEETAICEST-DTHD.
312, 7AUHIZHIFZEERSHBIDRRSR

T AIHIZIBNTCRERSHBDBRITAYY 7— U7X (Oliver Evans, 1755-1819)IZLk->TfT
Nni=. TAVHTIE, EEEELBETADIIAMFYARLVLBRE ThH-o7-. TNIIRATIERTIHEOR
RIZE-TRIXRIENT-DOTHY, KEHSIDRBLT A HIZBi AR OFR» LIRS T
1-DTHB.

TP ARBYWEL IR ATIIER TIIAL 7T R CRYES NI b D LRIL TH B, RERNZRAR 7= DI,
RAFIERENIAET, PIEIZIIAROARE DS Tb Db H o725,

73 ria. 233 B

30-Senh-

Fig 4 ABLRAZOWEX

UEHIETT A KPR I SRAEKII AL TV Vieh o fo 16, /REAEKIER CEiehor. BIdERE
IS Bk, IS ERTAEIIL
313  {MOEERTEBIN SRR TH - 1= 8h

1800 fELIRE, BAS BN SSAMRERENT-. 108K I3 IIRATEICH . U RATIT SEAEM
RSN TV -EEEX DL, SEOFERITHBLLEDND. ZOREEZEX DI URFOSIROM I B
2 ERTHLERDD.

NENVERII AR FEBECRIE T ADO T, SROKRESIIARIN/ SR T TEB YA XIIRESNS. /8
FVR—IB LT 15~25kgiIE DRI Tho7-. HBKTH 30kg bV I ARV RZ ABRFA THOHEESH
5. 1790 fElza— T Ny 7 — )V BSKETIIEEIZ L > T 1.22m X 0.203m X 0.0127mD kxS Dgkika Bl
ETEI8, GOEEL 1 S Hem 470K 7.86gL T 5L, ZOSHROERITB LT 24.TkglTABL T3, L
LB RAERLI- KES T2V ZOERIR T X, TOMD TR TIIERE TERD 7D THS.

RAZZRET DI OFR TV NETELDT, TEAER LRI RL o7, ZHUTYRYR T
EAEND, ZOEHRS R4 Thorl-. YBHIFBIOFTHIREHEAFH-> TRy MREZET 77D 8RN
COTHPEoT. FeSREERILEITBEDT, THRICI > TREEF DO THD. RAFIZE
W DR B A —BOTBAITRS. ZHUISRD K ESHBRESNS/ SN GAERTS L Teo %

4 Partington, Historical Account, p.112(Richard Hills, Power From Steam, p.130)

15 Allan Stirling, "Shell and Water-Tube Boilers,” Zransactions of the ASME, Vol.6 (1883), pp.589-590.

16 Goran Réden, “Skill and Technical Change in the Swedish Iron Industxy, 1750-1860,” Technology and Culture
(Vol39, 1998) p.392.

1 A—Fy ey (PREBAR) [GOELN-7-0E, -2, p.457.

18 Arthur Raistrick, Dynasty of Ironfounders, The Darbys and Coalbrookdale (1953), p.160.
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SYNOPSIS

This paper is a result of my survey of relevance logic. It would not be out of point to mention at the
outset that relevance logic is not a single logical system. Rather it is a group of various logical systems
that center around the same logico-philosohical motivation, namely the problems that are known as
“paradox of implication”.

The study of relevance logic goes back to the works by Church, A., Mao, C.K and Ackerman, K.
(exactly Orlov), and they were afterwards intensively investigated among others by Anderson, A. R.
and Belnap, N. D.. They were designed to be systems that were free from the so-called “paradoxes
of implication” that had bothered logicians since the birth of the standard prepositional logic. The
central matter of relevance logic centers around the meaning connection expressed by “if --- then”
that we think exists in natural language. As the so-called material implication does not reflects this
meaning connection, groups of logicians had been motivated to construct logic systems which avoided
the inconvenience in question.

Since the time of Anderson and Belnap various systems of relevance logic have been proposed and
studied. We chose in this paper the system R including its subsystem (called R_,, Rs4.) and studied
them both syntactically and semantically. In studying Rj4., the role of distributive lattices with
involution, usually known as De Morgan lattice in algebra was carefully examined in connection with
four-valued De Morgan lattice. This study is, I hope, more detailed than those we find usual papers.
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FRXTIIEERBEORRNE R RICBELZS
b¥, ZhiCHET32RHNERRITOIL2EN
9%, ¥R,

o hZREHLLLE, ZOBIERLEDT
DO EREISLIG D S AR DR DR AME L
M. EoER L OBBMERICOVWTOHF
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LWERTH D,

o —BEEMSEAR Ryg LR R LOBKR
DHMBTRL ZhicED < Rt L ot
DERTH 3.

2 WX DIER
KRXDEBIIUTDED TH 5,
~%

ZCZTik. EERETHELIND TEEOW
B Li3nWhrrzy0h, $-EBEREOERIC
DNWTihR 3,

HHBHETHEERDhIERUL. TEHER
(material implication)) L IEIN 2D TH %,
KESER L ERBEORF L &EFOEBEIT TH

IHREEICBIS M6 [CHYT200T, BRAD
B,A— BRrXriBILT A 26 EB) £LIETAXB

EERT D) Ll B, A ZRIBFLIT. BEERHFLE
Fo




B2AROHEMAPROSNS, LL, HESED
Mesid) oREICL DL, FitFE&FORIZH
SHOBKKBEELEFLTCVWEILSCERISH
3, COEI>RHEEEICBITS Tesidy o
BLEESEOHMOMEICEBLTaB L, R
METEHASPICENZRER L I 2HABANSE
T2, COLSRMEADI L & TEROME
(Paradox of implication) ; & HIE5, ZDEREKH
BRYDEUTICET S,

1) A->(B— A)
2) ~A—> (A- B)
(3) AA~A—> B
(4) A>BVv~B

TIT (1) & (@) RARAEEROMED S
SWINBILRERL. (2) & (3) BB MEIR
EROMBELEETI2HELEKRT 32,

Zhid. PROEEERIIBLCHIFL&ED
FIC. ETkEBEE (connection of meaning) HE
FEhTvRVwEWI I, REXH 2 Lo
ha,

HEREOHS :

19 tHiKH 5 20 HLMPRICE > TREFE LR
F OB % BT 2 BAMMERD BT Frege &
Russell iC X h BRI hi- & =BHAGZREETIE. Tp
ol qs 2 TpTchuhEiidqThsy LHE
HFLT ™ol 2EEERTHR>T V3,

ZRITH U Lewis[1913] i3, AN BESET 3
s E TBEA»SRLARNICEIND ) 28
R 2LFEL. MEIBLAMTI TN, o
T. HOEBEL LT A (B A L ~A>
(A-> B)DL>3RADZUMIIRD RV, LD
L. BOBEESETCERAA~A S BDLOR
FEgou® ) CIIh2A0ERE L CEHTE
BEVIFEBOMENE TV S,

—4. BHKE#EZERICVNISEICET IR
1Dk RIE Orlov(1928) DS B —TERZRTH
%, HITHHERE TCHEBR L BINIh 2 EERS
FORDLYIC, MEOEM L IZEFRR VD “ compati-
bility” X MHEh 2 B % #A L. “p is compatable

2(1) & (2) #XHESBOBBLIFE, (3) & (4) 2BES
BOXELBERELH D,
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withq "% Tp B qDBEZSE LRV LER
L. ZEERLEXHT 3,

Z L CHBEREOMFEL LTH-L b FHERT
TWBDH 50 F£RFHAD Church, A. D The weak
positive implicational propositional cacculus &
Moh. S. K @ “ connective system ” & IEEh 3k
FTHD. Ao (B— A DEH>BRADOBREEK-
T Church, A. i3, HHBBOAE A - (B - A)
DROLDICK A5 ARRBL LTANS, —FA.
Moh, S. K. &, Iz, AilR ADS BHHERS
hi=134. BOMRIC A PREERCHERAZIhTWVS
K, ZLTCZDORICEED A B 2HERLTHL
WEWSHIBRZMZ %,

b —DOHERBICHEVEER S X DI Ack-
ermann, W. [1956] D B S & (Strenge Implika-
tion) BLETH 5. it A> Blck-oTREIh
ZEHEERIE. AL BLORBICHAEKIZBITS
MEBOREENELET 2H. SRINE B
FOBKY A B OBRO—8THELRLTY
%, #>T. XA— (B-o A) DEENLZ4H
HEDRV, BERS ADBETHIEL,. BLA
DENCEREIBEENH 2 &5 LI WBARED
5THD, AHICB - (A= A) DRZUMHHED
AN AN

ZLTS50 FERUE, CDLSRABDHEIC
H 3T, Anderson, A. R. & Belnap, N. D. »%#
Bi3# (Relevance Logic) & /7f%## (Entailment )
CWHOBEFEOFLOWASTEEEL L, ZOK
FWERE LTHKRR ESDBEITONB, 3

TE e RaEREKR

MEEMEREBEARLIIZBEFLLTERRES
EI2E8ChERERRTH D, JITIE. I
WGROIIGD 5. Fitch Style TEbh - EHEE
EIK#R FR_, ¥ Hilbert Style CEhh /- AEKR
R, ZHWTHMBESEL LW LODBKRANTED
LRI N TVWBDRIIDODVWTEREITH. 7
O, thokRm, FZIE. ERIRSEG.RIP,
CHEEREKR S4, BLUREGRR E, 28
1288 L. ZFOMBEBRICOVWTARTBW . %
OEEFEEET 2L ROKATRT LN TES,

SEMRRIL TSEORE) LWINER AN~ A > B ERET

EZHT. FPEEHET 2MERRL HIHINTH Y, Paraconsistant
Logic D—20&REEL FEX 5N TV 2,




2T, WA, P, — IP, 3 IP, P,
DEBIERTHDEETT .

>, ' /

BB, I —DOHLEPIIRBZDE, R A DK
REOEBERZSIE. ZLTZORICRD AK
% RLDEBTHHDPOUR S DERTH D,
TEWSMBENRATAETHIETH D, BE
26, KA (A5 (A->B)—>(A-B)D
LR RLLE S, DEBTHEIB E, DE
BTRhOWANEETIDPLTH D,

=& —PEEBIS R Ryge

R ROESKRRTHLH 2 - BHEBSEKSR
Rpge 2387 T 2. MEREKRTIHEEZENS KD
FCHEIRND L EHFLTNED, I THEN
T 5{6% Rjqe Tld (fde i3 first degree entailment
DERTH 5, ) EEASELBRI N5 - P
ZRROETOROHPTELTH—BILIPRENRV,
A5, 2TOERBIZA-> BOERORTHH.
CZTALBRIERBEELBRINIHDOTH S,

COWRRTIE. ROKIREER/RBIH S Z
LR B,

. SREBEROEETE,
o th% Rya DHT AHEM .

o HISEOBIT L BIFSHFOLBERBELBD
BRL (B8 ).

->T. 6% Rjae Tl (pA~p) 2 gL p—>
(qv ~q) LS RTERICR SRV, ZHITAET
# (BZIE pA ~p) LEHF (FIXIT q) ORICH
ERBEEBDEELRVWPSTH S,

2B, Ryge DRk & LT De Morgan 3D #
PR LIZONWTEEL < E8 %17\ De Morgan 3
BiE2AWT—D2ORBETNVERTRT 2. 20
B, 74NV7—IlL>T 4 DDOREE~DHEIT
ETHEIILLIORBNBEERMT 3 41HD
De Morgan RO ELENFHL PICR B, IHIC, £
hicE SV TR ELMOAHEFLITo
TWb,
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Uq% EBE A EREMAR R

2EER RICOWT, BXGRDILH P S, Fitch
Style TEh»h iz BREEER FR & Hilbert Style
TEPNLEAERRZRE L. ZD20RKRDRE
EMICDOWTEEBHE 52 %, I 512, (K% R
DEHERMEEZHFAIIRL, FLWIEHEEZ TV,
FOHEELUTICEIT S,

o K% R@%%Eﬁn
DFEH, ROFEBOHFERXAICHLT, AL
~ ADRERIZER ROEBIZIT RS RV,

o JREMBR v DAL
EERORXALBIINLT. AL ADBH%R
ROEETH 2451, BHHER ROERIC
%, (MMM v DFBMHBEL VDO
%, ZZT. DIIEEAESEERT,. )

o EBARBE DL,
ERORXA L BIINLT, A-» BH&ERER
DEBTHZ2RoIE. AL BIZiIDdbitd
— DD BEMELEBERE D,

7B, % ROEKFR L LT Routley-Meyer &
Bk&# (Relevance Sementics) # AW THERE{T\,
ZThicEosReM L T2MEROMREEFLL
ToTW3, Routley-Meyer EBk#HTiE R R
(set-up) LWSBMZEAVWTE D, BFEHLSE
Rt %2> R RITBRMEREO AR M T
%0 L L. RERTIIFE LR L Tt
ROFHETHOT, At RoOmiEE EI 5N
%, 2B, RIEFRDOICIZZIEBEFBAERIL L.
D& RERISEBSEONE L EEORMICHD
BRRBEE 2R T L WS BEHPESPITRDDT,
ChICDVWTHELLEREZIT> T3,

hE KbHIo-SEBOMERE

CCTiE. MEOEREZEBEUTHLPICRDA
BHREHESPICT HLRAKIC. SEROMERBEIC
DTk R3B,

PEs1 SHERBICL-TEBMOBSL 23
TRt © THEEE) REOERBISRLSH
EIZIhTWRW,

HHZARTIE, A— BhEodBEM 2t A L
#HFEBOROEEMBELHTRAIATHSY, CZh

-
“



EUTIIEMEE2ERT IR FaTHEII L
PEHSPIZRZ, RERS, KRZFRTIE A
AAN(BV~B) ¢ (AA~A)VB—->B®DLS>k#E
Bt EF O EZ O ZHERE ULTRIE LW
ABKRELET IS5 TH %,

MER2 BAEEKRFRTE MEA &V
IBZICLY TEEOHE ) LIFEh 2 HEDR
KEBRT 2. COBEEFITCIFRRSTHD
ZEDBELPICR D,

MEM) LW BRPLREBA. ANB -
AL A (B> ANB)BLU (A > B) »
(A—> C) > (A > BAC)) BYORIIER
FROZEEBTHEIRETHD, ERSL. HIZIE.
A- (B AANB) DA, ANBORRICIK A
EBHYHERIC THER) ShTWaPr5TH5. L
L. AR FRTCIERXAAB > AlZE®LLT
BHBH. A—> (B> AAB)ICELTIR. AIX
. Zhird Ao (Bo A) DL 57 TEEOM
B YBEhZRAbEINDBIELT, EBELT
B,

B = 3 A% R D&k (Routley-Meyer Ebk
W) CRPERMALTIEHERERAOEFELEICON
THRYURBRNEE X 5h TR,

FEBRMATITIA L ~ ADBRRFIIHKMLIL, T
STHBRHRTIEI AL ~ ADRERFISKRILL RV,
Routley, R.IZZDE I ERREFERERTIX
HHMFELE URRICIRD 85 DT, BOBEKR
TIIHHNTELBIREI D L EET B, LL,
Routley-Meyer BHK#HT ~ PEHEE L BIRX
hTnaEidZEZXIC VW, ZRIIEHZEFER
HATCIHHRNTEL B UKRICIRZBES L LTH.
BHARLGLFERMAE ZETEHEEREZSO L
SWHRIN=BEZOUMEE2RETEDRLES
BRIEPRVDIPSTH B,

R 4 HRIREOBRA» ST 2L ERE AR
DHFD A— (B-C)DRERORNIKERMER
BREHICBZ B,

D &SRO MBI HEBEREDOE AN LG
PoABDL—BEICRYURABLITEZIIIL W,
Zhid. A— (B- C)DERORIZ MP RAl%
BATL. APRMT R L. B»S CHES#rOh
PHIIREP. ThiZ—BNICRYTHILITE
Abhiwn, RERS, ABRITIRENSI L
. BR5 CHELNIBEHNEESZLIEE XIS

WS TH B, LTAHH, Ao (B> C)Df
ROXERETHLES> &IT. RERICRYR
ARBIUHARANZEBEICHIRT 2EICR B, &
hWERBRROBEOB AP SIIEE LW LT
IZ7un,

HoT. ChoDESAICEHLTREEEEZITL
REEHSHIZL. ZhEERETH L MS5E
DRED—DOTH 5,

HiZ, BEBAS XX CRAKGEEZEFE
BRERBARIBEL TV I &5, hiEHE
RENMELZEDLDHSEDOBED—DOTH 5,

FER 6 EFEFPEFEYHE (Paraconsistant
Logic) £ W5 TF/E) 2B T 2RBOMEIE
AZIZ>TWB, ZOHINE AN~ AD B % —itk
IR LBRWE S ICHR LR TH B,

HERBEIFEFFVRE O—DOOFREL b
FEZohTWBIedS, FPEFAURELEHE
B LDEERROBBRERARDLIILHSEOER
LBEIhTW3,
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47 M) PHAFI) RO = PICBET 3 —ER
e VA S R 2/ N | V- ) Ve - == T e
KBS (98M42335) 1EEHE : FESA

AEFEDOLBIHRLINZ Y+ 7 VITH, SBOD=7H, EmAEED, 1 ¥V R
2HICKEGEREZERDHCO Y, BOEREERL, I XV RORRIIFS LE. ZOBK:
RO FEECG4 2 )7y 22 PZT YT I2B0T, EHL.T.C.o M(Rolt)id,
REMRZZS=7O T3EFHE,) LT, O)X—F - 25 4 —% > (Robert Stephenson,
1803-59), ¥ a—+¥ 7 - 0w~ (Joseph Locke,1805-60), ZLCA B> /S—FK - FLo ¥ L -
7 )V %)V (Isambard Kingdom Brunel,1806-59)D3AZ&EIFTW3. L L, Ol b, #5D
IR ZTH, 1B0FEREZBICLTEERZHEL, T2 P27V IV0EEN TN
Al o TEGREH) B> TO > EEAIC DL TIMh THRL.

ZIT, HHIADTU Y =FPOHTH, FEPEORBZOARS THMOBEHITo=A Y
UIN—FK - TNVRNVOEBOBBRIEZBELT, WOEDOKIRT VI oTHERH LZEBHICD
WTEET 5.

1806%E, A H>/S—FK - TR NVIK, BEVBA L =P THo2EY—2 - A Y215 —
K « 7V %)V (Marc Isambard Brunel, 1769-1849)BF & LT hE. #®KiE, R¥—V7 DB
BT, /)T 4 DCollege of Caen, ZDHEIZ/S) DLycee Henri-Quatre T FICEFZ¥A
. ZLTELNICIE, B BLUBEEBOEEANAL - 7L 5 (Louis Breguet, 1747-
1823)DTER L L THMIC OV TOMBREREAL. COXIIC1 Y — KX, PEHFEKEA
CLHEBHIE VWO EVWIIHBORR S E2DOHIEDL L TCHEL ST R V=T TH o=, H
EHERBTHRFEREOR¥E, ZLTHERHOD L THMICET 2 MM REEBE LA
Yo=K, SO ZFORTOBIRTH o).

18224E, A YU NN—FiE, 7LD L TOBITERZIAFYRICRELE. SR~ —Id,
AFX¥VRETISVRTEBP R VOREEFVITCWELEDETH . EITA YU —
Rigv—s ke dic@mEizLrzeiah, Mg, 18IFICHETHECOM, BE Dk
H, BROBKTE, MoREICEDo.

AP N—F - TWRINVOFERES L TRROBRICENT, BRIFEICRBOFTE#S L
WHORBBICERE LW, £, BoBE L3E0mind, SEOMEBLTRI ) 2 —h#
AZh, KPGF¥EORBICHRIIL, BREREIED SIXEWTHEiZZIT TV,

LhL, SOBIFEINET—20F, YROXARD E b 2BAED & ThiEEKTH >
FLHWTED., I5I, AYUN—FK - TVERLVDBEET TR, RF4—F v
vZICHBEREITRE, #H3IAICK, 180FEURICEITIZT P =7OUBEOELOFEER
BIehTCESB. Thid, ORBOTERS, OHBOME, @ =7V VD&EMML
ORE, CENTED. 3515, KFFAANOSHICKERZRIILEOy VO®MELBE,
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1860 LABED A Yo /8= K - TRV PRT AT UV VDEIRTIVIZTFDEIICERH
TR, KFFAAREZEZACERLEZDOTH 5.

Thbb, IEEORKRLUE, T Y_7iiE, AV )—F - TVRNOLSICHKES T
LIZEEST, ML VWO RDERS AT LAICES T EXEHD, TheRFC, nvrok
SICEEHMOBBILICELEDH o=, LIL, 13 N—F - TLRXNVEE, BMTIEER
TR I ko7, #B, YKo P oFICBIhEDR, OvIDORLEARICHEST,
BLLEMEZERTIBEOL L Vo PDINERBILESEDTHB.

BE XM : .

CLT.C.aovbh Ps o b7y 2o v=7 ) -t REBRORR -1 BEEER(ES
ke, 19894). 163H,

-L.T.C.oJv b PIUEMBOBES —BADEIPSA — FEA—> a3 ~—g BHER(FENL,
19894 ),
cFNZVYE-D-Frr kRS- Jr. FREEORRY BHB—//MRERIGROREER
L. 19794 ),

0.¥4¥—/R. RR Mi PREFEOHEHI DEHRRCRERET R, 19844 ),
DAY T NV ETAVAY - S RF L6 KEBEE~) MBMR(ZLHERFHRS. 1998
£)o

CFERE Py - b2 -V S k- Ea-o#a¥—a1 (REERE. 19964 ),
*CB.T1 T4 R/KE DA INN—RE TRBITAYA VOBRT -FEr s A ETEER
—J FHBIE/ZHiE—R(BAEHTHRL. 19965 ),

Y Iax)b - XTSIV PRENESS PHEERGER, 1981F),

- Derrick Beckett, Brunel’s Britain (North Pomfret, 1980).

- Jonathan Falconer, What’s left of Brunel (London, 1995).

- Samuel Smiles, Self—Help: with Illustrations of Character and Conduct(John Murray,
1858).

- Adrian Vaughan, Isambard Kingdom Brunel: Engineering Knight—errant(London, 1991).
+L.T.C.Rolt, Isambard Kingdom Brunel: A Biography (London, 1957).
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F&as X ekl meEn

RiTAE

SHORE - BRORRIZBD TRETH D, HEITBIIREEROBDHD
SEsR B O ARG BIREC ARMEICAND 2 b0 & L THEZIFATY
5. 15, SEWAREZKSERMBRAIIETITHELTED, ZZTHEEER
. BRI TOEMBE-CERG ) MEIIERMZREL 2o TW5, RRITEX
FREGHIBITERAFL, HEEREARE2OC >y —T 1 BT
PR RN MR LT D EMBEREV VR 2dic) RBEINE.  THEHX
Ll 13, TS L7ZREDOT T, BEFEPEMOELE, ThEORBOH RIS
HIBEFR/R E ZELRIIC, HEH) - HERND 5 NIRIE 2R ENICREBT 2R
BELTAHITZHDOTHS.

RIOTES
WRIERFH BT AHARTHEE TFHBEMBEMTRE CRITOEE 217
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