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Philosophiae Naturalis Principia Mathematica S8iREDEFRIZET S/ —+

A Note on the Original Texts for the Japanese Translations of Philosophiae Naturalis
Principia Mathematica

BEx R

SUGIMOTO, Takeshi
1. LWelH

Isaac Newton (1642-1727) @ Philosophiae Naturalis Principia Mathematica (Z 1
UARE Principia & £5) TiX, HRABBMFEZILR>TWELET TR, BOH
THHHAESADOERIOERIT, BAFHFEE>TWD. ®2IZ, HRD
B DRERIIMNETH 5. Principia iX Newton DAERTIZEA 3 BEIFIITINTEY,
WTNHEEICH TEENRROFIEL EO TREICEDS TV 5.

Principia FRBFREBDERFRIZOVT, BONDKEZREHREHR (Newton DFE
ZR1EX - Halley ® Ode * Cotes DIRERMEE) BIUOKRICEBETH L, RE
DEHECHEULDEENERRAZTL S, AR TIXENEZENT S.

Principia D3RFRE L LCix, FMHHE (1890-1971) OFY > 7 (1930) 12,
FIAAE (1918-2000) D ==— k¥ (1971 +1979) 34 3 L B EFIE A (1908-2005)
ik BFYV I ET (1977) 2b 5. HiBEBLOMIC L 585 (1963) 6,
EIEOER VI, ER -1, RI-IV, KEBLIOE M ELIERY EiFT
BoT, KRETORYFWIRR LT LR

2. Principia RRDOERE

Principia [F#%, FBIE-FIUENLRDD, WTNORL 1 EBKRXTHS.
2.1 Halley &Ik 5#kR (1687) ’

#IhRIX, Edmond Halley (1656-1742) 2 & B#R4E - BIT T, 1687 FEITHR I
7z. Halley I%, Newton D¥#E## 2 5 0de () ZFMROBHIZHFE TN 5.

ML, BREHOEFEE~OY—E2%FNRT, AREE LTHIEShAT
WCHEDIAENRTWS L 72721, 1680 EDOREBEDORIISFRE T, Y IAAKT
»H5°.

1ERK2ITFRTEIC, BOTHA X 2@EEHS. M2 DFIX, K
TORBEZBRHELTOI N LEEZ LN TWS. BITHEILX, K1 DKL 250
—350 85T, K2 DA S0EE REL LTS 1

* &)1 K% Kanagawa University
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1. IR M2 KRR M3, %25
(EraT) (kBET)

22 Cotes &Ik B2 i (1713) !

82 L, EAREZR R L L TOFHFE L H L7z Cambridge University Press
O Richard Bentley (1662-1742) »FEITALRY, ELEF LTSN —LTLSRIE
B L OFEREFZIZ Roger Cotes (1682-1716) AR L, 1713 FEiICH Sz 12
BENEMOXEN» S, BITHEIL TS0 THo72EEXBNTNS 2,

FE\) Cotes DRDRITIFEEINT, B2 TIXE R 3R DOE Y DEERIT T
2, KigREBEEHB2 LTz, LKIREN BT MZ b z—BRED
FEREETHS.

¥72, KEED Leibniz & DM THOBSFEDLBHESF VB BILT 5%, HiwL
W) HDIZHRT S Newton DEZDFHEA « Leibniz 238 LM T TWAEBOHNE
D55 - Descartes DFLV 2 i & KBRIRERORIEE HBY & LT Cotes 3R XD
mEMEXEHFECW L

% D—7 T Bentley i%, Newton 3 X UEH D Halley |25 Z & 72<, Halley
7 Ode ZBHEFICHEL TV 5 .

30k, B2 HOEDOT AL THD. =7 LAIE, %BED Cambridge
University Press FIfTDAIZ G A T €.

2.3 Pemberton &Ik 5% 3 iR (1726) "

2 EAHIRENTZZ 1714 8, TARTAL L TEOWEBENRITI N,
NR—VEIR LR, BFOAVLLEBEZ LIZEDZETHEZIEVESN
EEREORALELDTHD 8. &5IZ, 1723 FIZH T AR T LY AT, RN
HIRE i, 5B, —a— b BENEVERBIZOWT ORI TERICHT
FonTuwiE Y wWFnicw &, Principia DEEMNSKETHLRZINED L
28, MR DOFEITICORR > TV D.
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) LIEBOHTTO 620N, FEIMThHoT. MEDEIIHI72D
i3, REECEFE LD %G L T X 72 Henry Pemberton (1694-1771) TH 5.
Pemberton i3, HFEICHIFBEL TWWVebiF THS.

ZDOYUEETTIZ 80 B EBX TV Newton 1%, HITRKIBARSETICITHEAIA
%7273 72. Pemberton b EAMIZITFADH— (j: ! -

FANLFDENGT - AFRADENGZITFRE) | PHILOSOPHIZ

KEBoTRELE Y. NATURALIS
Halley @ Ode i3, IZIZFIR LBV ITE LTINS, PRINCI P>IA

IR & IIEFOHENH A Z LIIEELET S Y. MATHEMATICA.

1726 FRICRAT SN2 3 fRICi, 3EEH S - &
RIRDOFATEHUT 1000 B TH B ; KEDDOFEER D TR R
11200 #5-5< biviz ; BELER Royal Folio DFATE = m'"imﬁ,
IS0 HTHD 2. a4 FEDOTYA L aRT. ——— :;i?“" "

Nﬁ@k%@%?ﬂ%:%;k&; KBINTED2RIZ, 4 %3
Newton X% DAEZFA L.

3. 18 442D Principia XA DRE
3.1 Jesuits iR (1739, 40,42)

Z X Principia ®JRBLIZ, Apollonius of Perga ¢ M 8 gi#R3%7> D Euler IZ X %
WMoESs TRV TERE N H%E (1736) (CED ETORABH®HE LV IEH T,
K BNTEREARTH S, #@E D Thomas Le Seur (1703-1770) & Frangois Jacquier

(1711-1788) X, Minim JR® Friar TH H A3, T DFEARIT Jesuits DAFTE T L
THREEN .

X 5 IZAXZFIRTD. HEVICHEL OERTH
BINTZT2D, 3 BRIZZR-oTWS. KEARITPICHE
DIALFTEE Y — A 2R TV, KARICIZFEAE
3REIZRRANH S.

FIOR (1971-1979) HMEH#L L 72 [EAITL, Jesuits FRD
1760 E=FITATH 5. Z DRI, 1739 FERRiZiZH o 7=
Halley ® Ode + Bk + EREREZK\W\TW5 %,

Z D% Jesuits iRi, 1780-85 FFITNF T T/ K 2
BAM, 19 LI 7Y v PKEHED John
Martin Frederick Wright (1793?-?) #R&EIC LB 7 TR
—hR 4 AN 1822 £E L 1833 FEICHR S TV 5 5.

B 5. Jesults Hﬁ
T O/INCFEIKEF
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3.2 Thorp DERE (1777) *

Robert Thorp (1736-1812) 1%, # ¥ 7V » T Principia ¥z T\ =. D
IX Principia T_XCERTFEL 72D, BROEZAE I EDALDERIZKD
ofc. LM LERL, ZORRE—HTIUE, ZOARD Jesuits RUFE Y DFRFERK
HAZBEREL WA B0, AXHFTOT VT 7 Xy NMEOFEOFITEH
BIUHATORF~DOLEE LEEFITIL, Jesuits RERI—DRTIETHS.

Cotes D¥REHTE X 75, Bentley ~DE RN H BB OBRENEREL TV Y.

Halley ® Ode 1%, 77 VEBOETEHEHINL TV 5.

KIISE CHIES N TWA ORI LE VX, FixicirvidEhni
7L — MZEDLNTWA. 7=, Principia FEIZIZZRWEIBRSEHIEINT,
TERDOMEE & HIZREEN TS, 2L, RERELZRbLEV. ZORERE
X 1802 FEIZHRIN TV S.

4. Motte XiREDZEE
4.1 Motte KRREDMR (1729) *

Andrew Motte (1696-1734) i, engraver NER TH 5. HHRAFE TH 5 Gresham
College DM FEDER THFEELBEZAT-BRBENRH Y, TDFEEH%, London D
Fleet # THRRE % & T2 .0 Benjamin Motte D ¥, & THAR L TV 5 %,

Motte 2% Principia DR % FHT 7o B#&IXIT > & D L72V . Gresham College
DR IXEF# I T - 7= John Machin (1680-1751) DEND TixZ2W\h L HERI ST
VW5 30 Motte DIFRIZIZ Principia JRBLDOFFRLE 2 RORBEOER L RO 5
EEDLNTEY, ERERLLZOIIEIRFITURIOZ &5 L3,

Motte DEEFRIX 1729 £E1Z, Benjamin Motte 225 2 %Ak L L THRE . $1
BIIBIE F2HIFUE-FUE - BMERNLRD. ZORBIIKRD L
B .

+ Halley ® Ode i, IZADKEITHB RS, BE
EIE X T Motte DW= SRAREID LIZEZAE
NTWBETT, EEFCH->TWD (K6).

- BEAEEOODL, F2MATEZ LEIRATEE N
VDEFLEDIZEINTVS. DI, BEIMATEE
123 5 1E9°?D Pemberton DABTAHEEE LTS 2,

+ Cotes DIRERTEXIZHLFENMZ LN TEDY, Bentley
~DERNHDBREBEDOBEENRKEL TS B,

« ERRIZT T Motte BERAREI THZEZ LT3,

X 6. Halley D3FDW A
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EDIDEINOEVBESI, FTA IV AENZTL— MZEDLNL T
5. FRIZHIBIVPITEINTVWEEFRLADNS. LALLM, KR
MAXDGEI VSN2 L2, BHHDEREICAONAREDOETH -7,

+ John Machin {Z & % “The Laws of the Moon’s Motion” 2345 2 2D &K% (2B
Shi-.

4.2 Davis #&I- & ZHETHAR (1803) **

Motte DFEFREIL 18 ALOK LV ICITEER L2V, BREZLFENEL R
STV 6 LY. William Davis (1771-1807) 1%, Motte ®ZEFR % H.D. Symonds
POFRIEDS. BEECLTEERRBLOEFHSREA] O Davis DA
X, EBEMTHS. “Carefully Revised and Corrected” & BIZH DM, F& LTH
FRICFERIMZAONTNT, IBFHOERREKICRELEZEZ TS, B
XENEL, 3 FEARLE o, FFR (1930) ODEXRIAETHSD. 1819 FIZH
FlahTng., BHiIROLEBY -

+ Halley ® Ode DB DF 5 Motte DERAREA LEHIBR S iz
7V =y VRIXEILH D Newton DI %E S LIZEZ LI-BEBREIZEA L.

- Davis DFIZ725%EE Newton DAEJE%R, Newton DEHRFTEEZ I KLV Cotes
DIRERIE X D%, Principia 1 EORNZEBMLZ. F1EOKDY TH
FBI1ET, BUFELEIMERFE 2BLHERL TS,

- (FTRUISIRE THITES I, BTV AEN=7 L — MIEDH LN TV S.

 Newton @ “System of the World” DIEFRNE 3 BOEHITEMEINE. Zh
IX Principia NI EDH & Lol V— D ARSHBERD T T VERRE
ERLELDOT, REL 7 LD E F TF Fayram 55 1728 £E(Z A Treatise of the
System of the World ¥ BE L THIRRE T\ = ¥,

+ William Emerson (1701-1782) D3{E A Short Comment on Sir Isaac Newton's
Principia; to which is added, A Defence of Sir Isaac against the objections that have
been made to several parts of his works (1770)*® % %5 3% ® “System of the World”
DRIZHEALT=.

+ John Machin @ “The Laws of the Moon’s Motion” 135 3 Z2DORKZICEBIN
TV %. Machin DJFED Davis IC LD FE X HF HIRELOTR & 2oz, T4
H “Astron., Prof. at Gresh., and Sec. to the Roy. Soc.” ¢ % 5.

43 Chittenden #&I< & 5KEAR (1846)
Columbia University & ¢ Nathaniel W. Chittenden (1816-1885) 23, [==—3
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— 7 DEMEEFER DB X Principia 2 3ite~ L] & L TIE- 72D Daniel Adee T
DKERTHS. 1848 EB LT IS0 FIZHEFISh T3 %,

AEOHERIT, Newton DER (Y =y TOftg) »54EE Y, Chittenden
IZ K DEEER BB ~DOBREE - KEMA~DFIL - Newton m~&H<. A
Principia 8 I—1I1 £ & “System of the World” OAD 1 BAXTH 5.

B EOME XXXIII BE XIV OKXiE% R.5 & “Mr. Machin, Astron., Prof.
Gresh.,” £ # ¥, Davis IZ & % Motte BROLETHR (1803) BEARIZE FND.

Halley ® Ode I%, &% ® 11T “Nec fas est propius Mortali attingere Divos.” %3
Halley D4 & 12, Newton fmdD ¥ A MVEEHICHiY & LTHEELEZ. LirLi
235, Newton DEHZERTEX & Cotes IC L DMEFE X IILEANCHIR ST,

BRIT TR CHEEZ Sh, BUAXHIZEDIAENT-. HEFIIfMFIHhT
WV, HRIDORRY L, #EEINDTZUITEMT 5.

4.4 Motte-Cajori iR (1934) *

Florian Cajori (1859-1930) %, JMFEEORA A TAEN, T4—VTA V¥
—D L FIKEIBVEAE. EERRLELTHALNS.

VWi B Motte-Cajori iitiX, Cajori DFEH%IZ, University of California Press 7> 5
HiREhi=. §8ET, U.C. Berklay DKILFHE Tdh o 7= Russell Tracy Crawford

(1876-1958) 23, Press IZFRIZIL THREIZHD D272 Z EIZOWVWTIHRRTWA.

ASTIZFE B A)FEADEVFH A5, Chittenden DKERICFEEZMZ 5 Z & T, &%
STEERED OGN ENRI DN ZD.

BRITUND BTz Cajori D/ — b, 18 HAZDOEFERTELEHANR L DI
HHBOH Y TholzZ &MNhbnd. L, H1EME LI RE XXXV O
3R T “duplicate” % “square root” ~& EXLEX-DIXIENTES D H.

Fh & RERC, KRERIZKRIT TS Newton 12 L AEHRTEE » Cotes 12X D
MmERIEX - Halley ® Ode #KFETHEILTHOHVE-7DEAS. LHIL,
FEMNSERTEHETOTT BOMBIT2No72 X 572, Cajori D/ — MZIT,
Thorp DEERE (1777) LIMRE (1872) “ LA2BRLI-Z L BRELNLTVS.
Newton DEHFIE X IZOWTIL, Thorp FRIXIEEMETH 5. Cotes DIREATEXIZ
DWW, Thorp R TIZ—EARFEL TWADT, MRENGER L T 72D
72% 9. Thorp 3R Ci Halley ® Ode iZFE 3 DT T VBDEETHDH. FiM
ZRE|ZI3 Halley ® Ode ARELTWS. L7=d3->T, Cajori DEFRIZFEE LA
Mot=b9H. UC.DTT L 3E#HFE Leon J. Richardson (1868-1964) »3, Halley ®
Ode ZFNRMHFER L TV 5.

ART Cajori BEROFEE THEEE W2 LFB 2T V. RROHELE
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& L7= D% Crawford T3 5 . Thorp

ERDfFEF & T8 Chittenden DK ERR DO E 5

EBECMNRPIFERBIENTZIENIDNRD. SOFE, BROBE, &5
DEE, FTERLIZOWVWT, EREFTRLEY NEIL.

BIZOEWERY 2 " o%iT 5.
5 1 EmE VII R oW T,
Chittenden JROX 2 E L#E Y, K&
DEE EDOALE Q X EEN DT
BHELLTNS (K 7). bk
{Z Thorp MRDATRIZ¥M 72D T,
IhbREE->TWS. AR
TEMMAELLV.

1 EME LI E XXXV 0
2B DOKIZVVTid, Chittenden XD
KAELWIZ S0 57, Thorp
MOMBEEXOREZ, LrbEEK
BRIETEELTVS (X 8).
ZORIZHERDOEK TH- T,

» NEWWON'S MATMEMATICAL PRINCIPLAS
at the preeding place. Torougs the point $ draw the chard PV, 3d the
diaraeter VA of the ciscic: join AP, and draw QT perpeadicular ta P,

A
de:plylﬁuxmllbr-«;‘

/ and the poinrs P and Q co-
y nciding, for AL wrice PV;
e then we shall heve
- SP-PV* P
"AV""'EBI'

by Cat. 1 4zd v, Prugs v1) the castri isinversely

5%5-"—' that is (heemre AV® i given), invenely as the jroduct of SP*
aad FV.QEL
The 1ame wherwise,
On tie anges: PR gr.xdced let fll he perpendicular SY; and (bocause:
of the similar trianglcs SYP, VPA) we shall have AV 10 PV a5 SP w0 SY,
SEPY

and therefse = 5%.30a IV 50 PV And theriae (b

) the centripetal fosce s imverseiy as S'Q_v!;"‘.,
wersely a3 P PV?. QEL

i given Qi

Can. 1. Hence if the iven prine , o which the ceniripesal force alwaps
endh, s placed in the crcumftrence of the ek, 3 at V. the cenriparal
force will e inveriely s« e fith gower of the aitude SP.

X 7. fnfE VIIFIE I (HI3HE)

Newton DX HFHBIE LYY (K 9). Newton iTENOE~DOEIEN, iz
DFE 1 EOEENE TATWENLTHD. BT, | FETIEOREHLE
2506, FOEHVIIFEATIEIRL, BERIRTRELIATHS.

9 LERORY I, ERoM4S GEADKS) EidERMBLERL TV
RN LIk V&L B, Principia ¥ BT TIRELTVWADTHS M2 2L
T, ZLOXDEY A, HLWHRBICS| &SNz

T o'’ s, s e
" Con, The fore wih which e by Tis sclerrnd on ended im oy

e
> st i e el e Therce by
Prep. umn deine n abich ae by deribes e 12 ST i3 e

T 0 0 elaciny

dhat e

b b vl

cnifers vebcity) sashe ovtiare L2 e rados O, o 0 V(SR ~TR)
reyr - :

wres praarions b the e ret of he cualht, there e obssacd,

© claives wniveralty. SWhich s et requed.

oot a2 £ AR

8. Motte-Cajori R DA RE LI

in perimemo 08 od ipfs centram vendensis &

e e el T S s oo B3,

i adst corpus eiqeod b Hed G, w«-,..-m
- oviphced et a5 L0, ereis
ETTET, o copore e s s 47, AL o |
Eia 61 inci idogue ibinde pergere equaliter trgest, & equals

X 9. FBLDME LI
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5. BIREDORE
5.1 &R (1930)

JEA L LT, Motte SROWETHMR (1803) ZEA LTV 5. Newton DEHR]
EXLEXDHERLTVES., ADFOAD FRLRNEWERELERE L
TVBDT, HRIZOWTORBRYIIRLDRVARRETHD. FEKEOHRAK
BRELEE EL L TRITENMRIT 1 BAREDR, 1933 FICERINWZEK
XERIZE - TO2EKTHD. ARITPIR L ABERV.

52 @AAR (1971-1979)

FHREYOBRESDOITWVWAD, IEREICIT Jesuits R (1760) ZEAL LT
W3, Lo T, Halley ® Ode BXRE LTS, UM T T VEBEAD
WK (1687) DEZIRR & Motte-Cajori IR E (1934) B L7z L AT~
T3,

501X Newton DEERTE X L AL DIEANT Halley D Ode 23R L TV 523,
ZDOFRITITFEHMYIRD Ode L ZDER LR o113 TTH D, FHAE 3 K

(1726) TIZIEFEIREE L7z Halley @ Ode TH B, HHLD Ode & iTSEEEWN
WCETFORENRDD. TORICEELTHRREFEL L, FENLORTHBZ
LHERRTE 5.

HRE DOELA T Cotes DFmAB AT E X ZFIE Lz LT~ TW 5.

HE (1977) 1% 686 EDIE[178] T, Motte-Cajori KR (1934) 3% 1 EEE LI
IR XXXIV ORGEE UK TR & & 5 EAT% square root & E & EEX TV
HILERML, RREZEARL LIEARBIZZOBYVIBYVIRINATWAS LR
N, ZOFE LTHEA (1971) @ 198 BZEEHEFTW5. 8 (1971) 2 k<3
ATHNE, EXBERNOOEREWVI DT TIIRWI ERbNnD A, &R
DORBLEESLDHZDIXFTHFOEMELY THE. DR LLERELE
ENDVITIEESTZDES S, 2B, ZOGEOEFIL, 78 (1979) TIXET
E&hTW3.

ZTRE D b RERBBEE, HROHIEIZ Jesuits R (1760) ZEHET,
Motte-Cajori KR (1934) IZ2EMEI L TWBZ L THB. LEEAK-T, M7 X
IR LZRE VI, T8 (1971-1979) 25| &SN TWVB.

53 hER (1977)

FEFORELIRNCHIR &N Tz Principia FRIRFERDAE S TIX, HRDLED
VEDThHol. ) LI2EDOFEIZL 5T, Principia ZH»Z i3 (2 138
BH5. PHEOHROBXIY, BEMERITOBITAL LT Principia 2N T5
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ZEiZhHoEAY. LENR-T, BROBABZOHBTRR LERELSA
EAZHD.

JEAIX Motte-Cajori fRZEFRE (1934) T, 77 EFEMUIR (1687) DEZIAR
BRI LEBXTUVWAD. Newton DEERIEX LAXDOAEZREHLTWS.
EADT XA M EREE, BEELLTEIKBEKELTHR - RELTWSED
T, EXOREIZHRTREOREIMAENR>TWVS. HOBRYIIFEE LY D
2. K7 OBVIMEEINTWA. K8 & 9ITRLIZMEEIZOWVTIE, ]’RY
FORDOBEIZHEE x DM ZEE L TV 5. Newton 25FHE 3 iR THE & #EIZ
HEBELIZLBS=DEA ) H.

6. LIV

Principia FRiRFER &, TN b % L VD E < Principia FEE L OFOIRER E D
MEBREZRRE L TELEDHLERI0DL SIS,

BERHBG, 77 UEEHME 3R (17260) ZOLOMLBIELNEAREILE
FELRW. Lo T, —HOT XA Mo bhRRITF# L 2725, Cotes
DFRERTE X IIRMALET, BEEZ O HEENES.

BED &L Z A% b EE D Principia BLRFERIL Cohen 512 & 2 iR E (1999)
ThHadH. LrLedd, ZOXRIH) 7HN0=2T KREHBREOREITTH- 12N
Wz, HRBAMEAR LTV - Motto-Cajori RO BIRRAS A& ICHA ST\ 5.
ZLT, MTOBVITEER-T-Y.
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First Latin Ed. (1687)

ed. by E. Halley .

Second Latin Ed.
(1713) ed. by R. Cotes

v

Third Latin Ed. (1726)

ed. by H. Pemberton

y
Eng. Ed. (1729) transl.

A4 N

First Jesuits’ Eds.
(1739-42) by T. Le
Seur & F. Jacquier

N

Second Jesuits’ Eds.

(1760) -

corrected reprints

¥

by Andrew Motte

4

Eng. Ed. (1777) ed. by
R. Thorp

Prague reissue of
Jesuits' Eds. (1780-85)

Eng. Ed. (1803) ed. by
W. Davis

2

First Glasgow reissue
of Jesuits’ Eds. (1822)
by J.M.F. Wright

2

Second Glasgow
reissue of Jesuits' Eds.

(1833) by J.MF. Wright

4

First American reissue
of Eng. Ed. (1846) ed.
by N.W. Chittenden

N
RIsEIRI Y
7 4(1930)

\|Cajori's revision of Eng,

New Eng. Ed. (1999)
transl. by LB. Cohen

Ed. (1934) by RT.

“|Crawford
v

SAAARBR R = —

\'4

—>{bJ(1971)

\'4

PHEBEARMTYLE
711977

AAABR B/ —a—
k1 (1979)

10. 7Y X 7RO RER : ERE7R, UG, BHRES)

-10-
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B

BHAMR[7Y 7], RAKRKBALE, % 6%, FKHE (1930), pp49l.
MR [V 7], £2%, FKXE (1933), pp.206 + pp.284.
FARFERI=a— b, HROLE, 526 %, hRAGw (1971), pp.574.
FAARBRI==2— b ), HROAZE, F 26 %, hRARE (1979), pp.574.
FEIRAR [7V o7, ##kit (1977), pp.89s.
TSRS - MAMER [7) 37 ), #HAKEBELE, F32%5 - xR
BB, WMHEESHE (1963), pp.191-318 + pp.322-324 ; X A bHIN
§k: o /8— b AR A NVE - RIBIERIGR MERRAYRF ¥ ), pp.1-189 + pp.319-321.
7. 1. Newton, Philosophiae Naturalis Principia Mathematica, First Edition, Royal
Society (1687), pp.511.
8. 7= & xiX S.P. Rigaud, Historical Essay on the First Publication of Sir Isaac
Newton’s “Principia,” Oxford University Press (1838)? Appendix, p.35-39 iZ&% %
Halley 7> 5 Newton (258 T 7= 1686 4E 6 A 29 B f+FH#KiZ

AN e e

I have sometimes had thoughts of having cutts [sic] neatly done in Wood, so
as to stand in the page, with the demonstrations, it will be more convenient,
and not much more charge.

L ®H%. Newton DiREX (Halley IZREIIEE D] Thot-.

9. J. Edleston ed., Correspondence of Sir Isaac Newton and Professor Cotes, Cambridge
University Press (1850), p.144 @ Cotes 72>5 Newton 58 C 17124 11 A 1 BfFF
#&IZ, “I know not whether You have got the Copper-plate of the Comet yet done”
EH5.

10. A. Koyré and 1.B. Cohen eds., Isaac Newton's “Principia,” the third edition with
variant readings, Two Vols., Harvard University Press (1972)D % 2 %D 852 HIZ
RCEMNHB. 7272 L A. Cook, Edmond Halley: Charting the Heavens and the Seas,
Clarendon Press (1998)? 155 HIZI1%, &L Tid 600-700 & BAEH b TW5H L
H5.

11. I. Newton, Philosophiae Naturalis Principia Mathematica, Second Edition,
Cambridge University Press (1713), pp.492.

12. M. Black, A Short History of Cambridge University Press, Cambridge University
Press (2000), p.16-20 iZ Bentley D72 L7 &ZENZSOWTORRE LR H S.

13. & 10 ® Koyré and Cohen (1972) 32 %D 853 BIZFE#A b 5. MBI, 9
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THIHA L7z Cotes D—XMDEH%IZ, “The Printer tells me there will be 750
requisite” & HDHNHTHS.

14. 39 @ Edleston (1850) ¢ 148 EHIZ3 5 Bentley 2> Cotes 56C 1713 4£ 5 A
5 BfTFHIZ “I have S Isaac Leave to remind you of what You and I were talking
of, An alphabetical Index, & a Preface in your own name” & & 5. Cotes [TV > 7=
MBI B DTED, 150 HIZH % Bentley 25 Cotes 56T 1713 48 5 A 12 BT F#&
DERBVICRETD. $2bb

but You must not press it further, but go about it your self. For y° subject of y°

Preface, you know it must be to give an account, first of y° work it self, 2%Y of y°
improvements of y° New Edition; & then you have S'. Isaac’s consent to add

what you think proper about y° controversy of y° first Invention.

Z LT, ik EMNo7-5 Newton & Bentley BT 52 L &2 IExTW5A. F
7%+ T, Newton & Bentley D—% L7z &R & L T Leibniz D4 #HH &2\ 2
L, BDOSELFEDLRVWI L E2&MHLE L.

15. B2 A H I TY <, Bentley iZ & % Halley @ Ode Dek & ANZR DU
72 Keill DR/ EZ2FIH LoD, TOFEHEZII LD TREIC E EDI-DiTE
8 @ Rigaud (1838) Tdh 5 (86-87 H). 72355k 10 ® Cook (1998)iz L (170
H), Bentley DEIBIZ LY Halley iXF 2 REFAET D Z Lidehorz.

16. & 12 @ Black (2000)® 19 B4 BROZ L.

17. 1. Newton, Philosophiae Naturalis Principia Mathematica, Third Edition, Royal
Society (1726), pp.536.

18. L.B. Cohen, Introduction to Newton's “Principia,” Harvard University Press (1978)
D 252264 HE&BROT L.

19. 5 8 ® Rigaud (1838) 106 E*BRDZ L.

20. 3% 18 @ Cohen (1978) 270-275 B ZRHZ L.

21. 3 8 ™ Rigaud (1838)#% 3 Appendix ® 57-59 B X V't 10 @ Koyré and Cohen
(1972) FE1ED 12-14 HE#SRBOZ L.

22. & 10 @ Koyré and Cohen (1972) % 2 %D 854 HIZEEHE N H 5.

23. T. Le Seur & F. Jacquier eds., Philosophiae Naturalis Principia Mathematica Vol. 1
(1739), pp.547; Vol. II (1740), pp.423; Vol. III (1942), pp.702. % 3 #\Zi%, 1724
IZ Académie des Sciences ~¥¢f& S 4172 Daniel Bernouilli, Colin Maclaurin 33 &
U* Leonhard Euler DE I L 2BV HRIZOVWTORIBIEBEBHR STV D,

24. E.B. Hinckley, A Descriptive Catalogue of the Grace K. Babson Collection of the
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Philosophiae Naturalis Principia Mathematica 3R EDEXRICBET D/ — +

Works of Sir Isaac Newton and the Material relating to him in the Babson Institute
Library, Herbert Reihner (1950) 19 E# &R = L.

25. 3% 24 @ Hinckley (1950)D 1921 E2 RO Z L.

26. R. Thorp ed., Mathematical Principles of Natural Philosophy, Vol. 1, T. Cadell
(1777), pp.360 + 22 plates.

27. Cohen IZ & 53£26 7 7 7 X U R (Dawsons of Pall Mall, 1969) D F3L T,
Cohen i Thorp PERIZHA & 2>Z Motte DEFRE (1729) IZESWVWTWHEE
WT3 (iv). L7A3o T, Cotes DFRERIE X DREMA N ZODERE
TRI—THDHZ LI, ZOZLDFEETHY, Thorp NERILZZ & TIIAR
Wy,

28. A. Motte transl., The mathematical principles of natural philosophy, Two Vols.,
Benjamin Motte (1729), pp.320+pp.393.

29. I.B. Cohen, “Pemberton’s Translation of Newton’s Principia, With Notes on Motte’s
Translation,” Isis 54, no. 3 (1963), pp.319-351.

30. Ditto.

31. Ditto.

32. Ditto.

33. Cotes IR E & DFH% DB T Richard Bentley 2 H Eif T\ 5. ZHidsE 2
RS Cambridge University Press 2> HARESN TWB D705, £ OEEE
ZEZDIDIDHDIERYURTHS. ZOEHS% Motte 3HIBR LB HITHH
DIV,

34. A. Motte transl., The mathematical principles of natural philosophy, Three Vols.,
H.D. Symonds (1803), pp.211+pp.321+pp.231.

35. £t 24 @ Hinckley (1950)0 14 HZZBDZ L.

36. BRIZH B LBV IZEEEIX, W Emerson, 4 Short Comment on Sir I Newton'’s
Principia Containing Notes upon Some Difficult Places of that Excellent Book, J.
Nourse (1770), pp.157 + p.1(errata) + 5 plates. Defence D¥453i%, Principia &
Optics & Chronology IZ DWW T Th 5.

37. A. Motte transl., The Principia, Daniel Adee (1846), pp.581.

38. & 24 @ Hinckley (1950)D 16-17 H72 E 2B DZ L.

39. A. Motte transl., Sir Isaac Newton's Mathematical Principles of Natural Philosophy
and his System of the World, University of California Press (1934), pp.680.

40. J.P. Wolfers ed., Sir Isaac Newton'’s Mathematische Principien der Naturlehre,
Verlag von Robert Oppenheim (1872), pp.666. SENEZI EN TV 5. KfRaDE
#HDFTTITIX K.F. Koehler Verlag (1932)FIA3 % 5.
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41. J.A. Lohne, “The Increasing Corruption of Newton’s Diagrams,” History of Science
6 (1967), pp.69-89. Z#Li¥, ==— DRI, FELZEEL 2WVWEOD
FIZE2T, WHZORD TV Ik, 4 RTBFOMED LK DR
C7-fmXTHS.

42. J.B. Brackenridge, “The defective diagram as an analytical device in Newton’s
Principia,” in M.J. Oster and P.L. Farber eds., Religion, Science, and Worldview:
Essays in Hornor of Richard S. Westfall, Cambridge University Press (1985),
pp.61-94. Z#LiZ, Principia 51 EMBEX L G XI O KIZFRTE L T, Principia
FEFRE TR L CHBRI LB X TH 5. Newton BE, FIREE 2
RTIE, ZhbZOo0MBIZOVWTRI—DOREFENEDL, RBELZ5I&&EZ
LTz, 7238, Brackenridge DR IIERICET 5.

... Perhaps the most that can be claimed is that when one finds the details of the
diagrams correct, then it is possible that the other elements of the text are also
carefully done. But when the diagram is faulty, then there may or may not be
trouble elsewhere.

43.1.B. Cohen ed. and I.B. Cohen, A. Whitman and J. Budenz transls., The “Principia”,
University of California Press (1999), pp.996. KIiZ 2\ TiZ 455 HE# RO L.
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HELEHRUHSNER: SHERNT7IO—FH5

Science and its Bases: An Institutional Approach to History of Science

mﬁ IH..
YAMAZAKI, Masakatsu

BE
BZEFOREEOMEREL L &12, BFELEEFRORFEES & OMEBEEGRORE
BRAHBEAICLUT, BBEI7 AU B L 1980 ERLUBRDO B ADORZEBEE 2T L,
FNOLOEFRTERILT, B, HiF, BERBOKFNET LVNRREIN
T3,

1L IFLHI: HEORANERLHENTTIO—F

FEMEFEIIE DL S RELSHERD LIZRITE00, HEWIIENRIT
BWBARCRERE R OO —ROTLHERB L C0 X > RBEBRIZH D
ONEWVWI B, RETLZDEXIHREEDOF TR LERERH D DT
TRV HDOD, 1930 FERICHRZEE LW FERBEE o405, BHELHF
ROBEERN T —~vD—D2Thotz. HlzIX, REEFENR 2 17 il DBEBERT
HELZONEWHIRBVIZH LT, BYEDORY R - Fyki, w7 RE
BORBRBONENS, RFIVPBFEEZETZEWVWIEREZEIHI LN,
EAERREFOERBICI D2 I I IEREMNHBEOHEL, TOMRE, R
BE 0D =a— N HFORROERLBRE LT vy [1]). $£2,
TAVIDHERE, un—F-=w— ik, TuTFx¥r MISBEBENE
AEBEFHRLIZLERE RS VOBER, v v IR - Uz —RN—DFELERL
EBZ, 7uszxZ2 0 boEM, LobirmPaE L-EHEY, BROMEL
WU TEHFET D LW NS, BIFEPFREZ{R L L5 C7z(Merton [2]).
T, ThEEFb ) ERADREVWE LT, 28, EKRELY LWL O0DET
BEMICEA THWEFET, ERBESEE LR STZONE WIS HERS S.
OBV, ZRERAIICERELEAXY ROE(EETHREEFO sk
T =—HADLRAT, [=—# LARBE@EER)) LI THWS(=—F A [3)).
FETI, EAEBRIIZ, BERICHT, KIBISERZDOT, HRBZEDOR
MITEARERMBREFIOIILE Y LMOLOBMERRH DD H LAV,

C AR, SCRREEMACCOET R 7T A [ VAT 4T a— v a FAHINE
¥ ORKBREEQIIEIA)ICEHINTZLDOTHS.
Y REILERFLERR

Index Terms—history of science, cold war science, Japanese science policy since
1980, and mathematical model of development of science, technology, and economy
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) —OD— R T —FiL, AXVRAOBRFEHRFRAT T 7 « AL ALHR
BEMREEOFTEERELZLOT, IRBEE, ThETHLAICEELTY
7= ZE LR L B ABGHEDS 17 RO TR THET, MAT5Z iz k - TiEEE
LW bDTHB(AAL AV [4). A4 RDTF—BiX, ¥ELBAOED
e - BRHREENE > T-HPET, BRBENSEENhoT2Z & DO
BIZLEL AL, BAROHBEOHOBESEMN LEHFE THED LTV
HLOD, THEROLER, ZEAEBAERUAELBFELIERE L TW22HIZ,
ERBFEE TZOEANMOBHRBE Lo - HAZ bERL TN S.

L2 L, N RTWn &, FREFTIIASLRNWEL ORBER2 - T
BERVIZRD., TOZELHo T, BEICKHTHIHESMRERCHFLE, &
FEBEBODITBLDE LT, HEDDDOEEIEIZER T 58F28, 1970
ERZAICHBED B ZIE, I—Fo=xV [5]). 41XV ZROESLHEFRRF v
RUTF v 2T, KA Y OB TEREFZREOREEREBORENER %
£, TR ZERORIERNRT 7u—F LHEEA TS, BARIZBITS
BRI, A RAEHORINCES LWl Shb. —KIiC,
SRR ENHI- & Z AT, £0bit 19 RUBETHIIE, 2\ T
WDBRE, FOXIREIENLRERNDDZ LNZBVDT, FIERKNRT I
—FITIE, —EORYMENHBH. LL, HIENELSNITEENRBREN
EFhshntnzid, FLLZ D TERY. J—_XNVEROREZBRELE
BEOBRERFEMAIEFTKAIST)R®, 1V ROV Fa—t vV TRAER
DHEEXBILIZA v FIRKRFEUT)IX, D2< & bHIcix, TR & &
172 (Kim and Leslie [6]) (Leslie and Kargon [7]) (77)I] « (L& [8]). L7=23-T, #
ZPRRENETIND-DITIE, FIEUANAOMRMN LIrOER, fHlxiE, THHR
HRRE] 2F0L D REEERENLEROTHS.

UTTIE, B, LVbITEBRZICEREL, Z20F-HIEOTFTTHZ
DERRAZIEVIED. 2 TIIHBHOXERED B RO & EREOLARES
SHL, DWT 3 TRERBAOEBARMEL RN T 5. KEIZ, BEHRE
DEBMBRETNVEREL, BRERBB~OREMROEE2EHERTD.

2. ENTIREEBRTREDOREDAN=XL: ABHI-HBTEREOELHER
BEIIBFRIEE N BRI % L T -8 77 5 72 (Yamazaki and Bektas [9]).
KEREL VEIX, KEELEERELEFNLEMOLZDIITY, BELRZF
DORICEELRBREZEEX LT, BRI o TARShZHEBHI D&
L, TR0 FERIZTONIZE L OMRIL, EEELORENREEIZEBL L
ML, TWERE] L) FEAAEATE LT (Wang [10]).
BEROBHICEZLE, ThICBERTIIN—7 L AEORICHK S =B
fRix, AEO—BTHS. BERLEER, BEEKETS L CRo2. B
EEEVEL LERZELLIE, BNESEEZITAN, TOREVICEICHEH
R EIToT-. BIZR2E- T, FIRBOBROBRLEHREITo=. £
D, kEOHZERFZHIL, AL, BEHCLECLREEZLELLE

-16 -



HPELHETBRUHENES

LERLTNAD. ZOBKRT, ZOBERIIEARNIZIIHFINTHLEEZON
5.
KERETIE, FERERKEBOINIT, BEOSFLZEBRVT, EEBHF,
SRFERNIB S o EEEMII R o2, BEBIERIZLE R LT, 1941 £
6 RiZ77 7 ) y-a—X~0 b RHEEIZ, BFICRFELZHBETHDICHFE
B 72 BA % B (the Office of Scientific Research and Development (OSRD)) % £ll3% L 7=.
B I&THFE T, OSRD i, FEFEH, L—4¥—, IEEE, =) RE&D
FEBEREICR L.

OSRD iZEE L, EHIROEELLEREEALNT, VrRXYUyr—Tvyia
Lo TRV, Hik, v~V Fa—ty Y IRKFMIT)OTLEREK T,
UFIT YV b H B IR X —HRFAOKRTE 7. ZOMBIE, KHEEIC
LTI HRERENHo7-. OSRD it, FDOPRELELEEFIZEL T,
fE % ORZEFELEMNE, RKFCHITHREZES B AITHE L T o 72 (Roland
[11]).

OSRD | XEERE DERFHARE T o 7272, 1947 FEITITEIEEINA Z L it o 7.
OSRD (IER &K L THRENEFICAEN THERATHD Z L2 EAL, £/, #
FLELOBOBNENDEEEYHT I LITRI 7. BEKRBERICIE, Z
DHHBRE L VEEEDOH L HDIZLE Y LW I BWEZERDH o=, U7X
Ur— - Tyvald, FERHIBIT L ORRENS TR ILEEOREBET
ST, MA—<w U KEE~DEOEL T 1945 FOBEE, [HF¥E—RETLRL
TJurT4T7) OFT, Tyvaid, BELIXLEOMOHBNBREERE
B4 5 2K | OAIRR 232K L7z (Bush [12]). HEAZHEWTW =D,
ETOBRBEORZAFEHLHIET S [BIEE) ITENVHLDOThHok. LML, 7
Yy ¥ alll o TRERT LI, EFFBREDOD)R, vy & & RXOERIMHER
THDHEFHNEELAECQ) 2 ENREL TN TN OMEER R L, B&itG
DEEZHBELTLE -, BIZIIMEFHRENASA)RE SLE A FERT(NIH)
B, ThiZmbol., 7y yaDYHoEEIE, bolXbERMELETD
EXBFHENSF) & LT, BMEENZHTERINZICBE R o7, 29
LTT A Y DERETIE, BEROMBEILLRD, TbD TEMELRBIZIINTS
BEEMEEINEET D LICRoT2. DL S 2 EEEEOE LA it
BIZE - T, kEREOMARSEEEHIT, BECEECERORERRE
BFRIZ 72 o 7= (Morin [13]).

BZEREROR—IL « 73 —< 0%, 1940 025 1960 EDRNZ, 7 AV D
HEX, TOEMEHERICE L CTEMREREZ T -2 L 2REMICERLT
W5, bbb, MEFOEKRIYE, EBRXRLEREBROEROPIZAEI,
BEENREHEZHORT IEBDELLBIERRESEHLELVHIDOTHS.
WEZEEHIZ, LIFULIEX 0 BKREVWRZ EORRMA2BIEIC LT, B8
DHFINIFERELBIR L2 74—~ FE X T 5 (Forman [14]). Zh
%, BEFICENELAF LV OSBRI 2RZEICRET I ZLICE- T,
ENRFEFEOFTREEBRSTZILEZTEBLTWS. ZOX D R2FIX, XkERED
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KEOHFEMENIEFICEL RHENDE. v~V Fa—k v YV IRKRFEL WL
OPDOMBEEFEFTLEHL, FliE 60 ERDILIUDICEMER S AT A, &
—VCERELEZY VA—VIERNE, BEOKFOTELY ERIZELEFE ST
X1z, ZIREEZEABROEERRD—DOTh-o7z

LaL, b L, ENERFELEBE-TW-ET5L, TIE, ¥5 LT M4
B IIABRIICAZIENLNTZDES Y. SRR KEBORGIZIX, T2
U OEBIFRIL, BEEHOLDICRENGHESH, BEOEIONEEL
DEIEREIZ/R> TV, LaL, B#IL, BEELZLIE, MHREELEERIC
LT, hABREODHAELZZEZLEZDTHS. PR b/h & —krTF
— U TRHBEBELE 5 —k v b EFOI TV B (Geiger [15])2%, EEUROH
B2 EOENNRELICRBIT 22MERBERO—IL, LB HOHMEDTD
WERINZLEEXOLNTVWS. ZOFRKZEFENE, EFHREOT T, ¥
MM BRI T=ONZFHATIEEICREZA). Zhi (74—
2y =)V EFEINTWA. Thbb, ZoL—AR, BEERZEROLE
BR A RET B — D DEBE>T-DTH 5.
EMBAFOETEREEN, ARLEEBICHY, BEHEFLESENIZITHEDR
WKEREIZH - TIX, BEFE - B ~OHMERE %@ U TKRFELR E O FeH#E
~EBENGISHE TOMREEELEZEAL, TOREEZREB~RAE UV FT7T5L
WO FiEE, BBIIICH-oTiE, HEHED THEY) RFEXEBOHRNTH-
e, b, &EEICH- Tid, EEWRZERL, / —IWERLEEZELE
BB i, kEREORER, BINEMMEELZ T E—LT 57D bHIEF
N ThoT-.

TN RBEFESEEERIILEMRELORNIT, ABEIZH-TH,
BEARLDESLI M. BRO LI ICHREDHIN L, KBREQREEELXLE
ROEIZIE, ZOXIREEOWNDOET VL, BHATE RV,

3. EBEOHESMNIEY/: BRBEXDES
BARIZBITAHEREEIL, M1IXHBL51Z, 1980 ERICAERBOLT
L2 eRmbnTW5. 1989 FEiTiE, FA YV EBUVWRE, KX72 GDP 2#-
EoHT, by7illholz. 1980 EROMEREFHOLEMEIL, BROL%E
ICEoTHbnE. K21, B/ 24— LOMERRERELERMIITLELD
7273, 1980 EROEEAE X TOMOBN LI RTRNS. Z0OBHOEOFEIL,
REMHEHE, WbwdEo - V=V U TOBERIRON TV 20, KX
MiEedotz. TORER, BIIATLVRROBEHICIE, BAOHEREED D
b, BAFAEEIAE, K3 DX 5z, EEEDF TR TAIZA > 72 (Yamazaki [16]).
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Lo L, NRTVREDOREIZL > T, BAORELEOHFERBERIIEL L,
AAROHRERELSELBOTAZ LIZhotz. ZhiX, BARE LT, BHIE
OFERALLIKE, BEFOEBRLEEZINZTEE, FIHDTORRTH-T-. ZOV
a v 72, BAOEEEIC X MMM EEREBOR OB MDY, BoR%E
BEWBORORE LS 1995 FEifThoh, [RIEEMEARE] SHlEIh. 20
EROEESTOREEHOHAIZ, URFORHEBS I HTHS.
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HBHET, BFEERCBEALT, WbwdXxy v TF7 v 7O, 77206 E
BLRDPEEENEICHFEL, D720 ORE THITEANFRE TH - kD
KEZDZTRBY XY, 4%k, 7ar b F0F—n0—8BL LT, BHbXH
ORI B ICHE L, AIEHERRRIZEEL, REZEVHFEVTOIME
T SV EEICE Lo TR Y T3 CRER [17).

(B2 EARE) 12, BETE2E—BTRIEIh, BEMS REENELR
HiE] TR - BENRERENREBBEIN TV 2. ZOHE, KFIX, BFE
DTF—< THEHEELHET H-OCOET 0 /5 ARRITONBREDOEEH
RTYEESBITONE. TREERERE] 20 TERGHE] OEBEIZE-
T, M3ICALNALIIL, HRBBEEOTOBNAEEIAIIHEBICEGL, —
EDHENR NI,
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Lo, ZEEBHEICETINEY, 4D X oz, RERELITRD)-
7o, BAROZENHFRIL, RESHF T AEHANRMESL, BfEmE o EH
HRIZFENALTND L IICR XD, BFBEROBRESER ETIX, Fia0i Bt
TIZOWT, FDEHITHMENTWVWBEDEAI . 9, K3 DIX, BT
ORZFEERBOR DO F RN, FHRBLERRFZCOVTYH, BREOLRROF T
BONDIENBZNILTHD. BREEEEN2005FICH Lz MBiESH% B
BT RSEHEE] L VWOREETE, [REMAMEOCAESCEZFH 2 MEED
EHEY BRETERFRIZOWVE, ... BERNERNTEDDIZENKLETHSHIELT
DX O RERFEAL BRERHEL L) 2T, [—F, BRENSXIEFN:
Ty varvEAEDLRWE, BHENRMEEAINE Y BT ERERN b S
BTN OWTIE, HRBFEBEDTFRAMNEEILHD LB, HREKHOIZIT
ANEORFGIRELRERICEBR TSI ZENB/RDLN TV, | & ENTWVWH(FEXIE
BEHES [18). 7¥RRMNEER, NEOFGAREEDLEZEFA LIZbDTIT
RVWDT, ZITOEEDEMBIPNLDOEN, ZTHIZ L THHMEER D LEM
ERRZEN, BEREAERLANLORERBEZNDLWVWHIBRED [Hkl
ERERIICEOMITIONDDIX, BOLLRETHD. E3HR FEMTEARGE
OXETYH, BAOEBRZOMNLENLERIN, [TANEOKMEZAIH LR
WWEBTE AEOERDDICI, REBOLRMEEDGT 2 EE TERRHH
ERATRT A ENETRDONS. .. ZDL) RRE~DHBOERIZ-
WTiE, WEZERIERE, BRKERICHELS 2+0REREFETHITEES
TWARWEEIHIR AR EAGE [19]). | L3N TW3E. ZO XD RBUREFT
HLIEDIZIE, ZTOXIREBELXFTIVDEAS S D

BREDBAED ) —~_NVEEFNCET T, WERREZ LI REXFOBBESY
RTHED. 20006ED ) —~)ALZEEIX, m¥EET T AF v 7 OFET, KL
REEHFOBNE#EENRZE SN, BIISAOHEIR, ZL<OBATHF
b, BEEBIZLFELE. L, ZO2EHO/NEEBBRIADHEX, £
A5, INEEAZE, ~ BT VEREOENBR LZBICKHEERZ=2—1)
J DREREICKIIL, /S —_NVEEZE LR, ZOBREN, [FHErER
HE| LEARODBRBIRHDEON, H#IHLENLRWEASS . el A, [#
FERTRER B LEMRRK TH, THHE TEERMREL LFMEINATWED
Thsd. RBBEIE, TNEEIBBTINEVWIZLTHS.

BRI, 2B LIZWRIERH S, BEICR D &, B
REIGHAMEDORIZEBZRITDZ L1, RETH S, 7\ TV O IR,
BEENCIE, FORRASBRRO->TWS. BlxiE, 7—AR%i%, 18474
W7 — VLo TIRB AN & &1, FEFICHBERERE SN LrL, £
DFIN004EH, 19384 ¥ / VIZE > TAAL yFERIGHEENDZ LIThY,
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A Historical Study on the Influence of Meiji Japan on the Formation of Modern
Science and Technology in China: The Case of Zhili Arts and Craft Bureau in the
Late Qing Dynasty

XU, Heng

This thesis has shown the significant influence of Meiji Japan on the formation
of modern science and technology in China based on the historical analysis of the Zhili
Arts and Crafts Bureau ([E 7% T Z=# /%) in Tianjin (X#) in the late Qing Dynasty.

In chapter 1, the historical background for the foundation of Zhili Arts and
Crafts Bureau has been analyzed, including the achievement and failure of
Self-Strengthening Movement (E 588} or {¥%5:&&h) between 1861 and 1895 and
the late Qing Reforms after the Boxer Uprising (ZFIFZ44) in 1900. Furthermore, the
visit to Japan in March 1903 by Chinese bureaucrats, including Zhou Xuexi (J&%ER),
and the foundation of Zhili Arts and Crafts Bureau have been examined. Finally,
Bureau’s six affiliated agencies and personnel have been briefly described.

In chapter 2, the activities in Zhili Arts and Crafts Bureau and its personnel,
including Qing bureaucrats, Japanese teachers and consultants, Chinese students in the
educational institutions of the Bureau have been identified. Japanese influence on Zhili
Arts and Crafts Bureau has also been discussed in terms of personnel.

In chapter 3, the introduction of Japanese technological institutions has been
analyzed, especially in the field of papermaking, textiles and woodworking. After
visiting the industrial exhibition bureaus in Japan, Chinese authorities introduced a
similar system of industrial exhibition into China. They established Zhili Arts and Crafts
Bureau as Manufacture Study Place (% L J#). This is another example of the
introduction of Japanese model of industry to China.

In chapter 4, first two important exhibitions in 1906 have been analyzed. The
Bureau was formally abolished in 1910. No archival materials have survived. The thesis
has argued that this was due to the dismissal of Yuan Shikai (% #t8)l), the leader of Qing
Reforms, from the post of Viceroy of Zhili (ELa#2E). The thesis also has argued that
even though the Bureau was abolished some institutions and the system introduced
remained, and later played an important role in industrial development in Tianjin district
after the Xinhai Revolution (¥ % #4).

To sum up, the case of Zhili Arts and Crafts Bureau has shown that the
experiences of Meiji Japan was the key for the establishment and development of this
Bureau. Although it was abandoned in its seventh year, its affiliated agencies continued
to work and through them the Japanese model became affective in Zhili province,
especially in Tianjin.
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LZAT, N\HDOBEEILHLAABRFEDORIISH DD TIER. T L THRFEUND
BET, AFBABEIECTED LS BREREToTVBEOHM, &) REITH
ZIZBVTROBREANPSEERMETHELEI LN TES. ZDL X, Frege
HEPRRTWB L), HRACBITHHREPSFICHBEI N - HHRGRER, o
BEICBITAHRICGERA SNEGEICEE LS RVWERBEHINEZNL EEHS T,
HHGREEEHT I L IIMANLZDOTH B2 LA, ML LTVWBBEIIEN

TEHHE - EABREER
IZORICEALTHE, FIZIEUTO—#HzB8REN.

Now, when I came to consider the question to which of these two kinds the judgements
of arithmetic belong, I first had to ascertain how far one could proceed in arithmetic by
means of inferences alone, with the sole support of those laws of thought that transcend all
particulars([4, p.5]).

ZIT, HECZREEH D LEDLNTWVADIX, —DIIRBORICE > THBHMIGIFAS N A LD TH
D, b —DORBRBRHBEREICL->TEMTIOND LD TH S (cf. ibid.).
2o AICELTR, FIXIEUTo—fasRaInin.,
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THHBBLZERATA2OXTET THS EHBLE26E, BORBEREEET
DULERHBDTHS.

T, R/ THEL TV A FEFREREI O I RGEEHEEL TWVHDH,
EWVWS TN AS Y. FhE, BL—BRMICR~E 201, #RICBWTFE
PELEBEEZRELTNS, LWH T ENRTES3. 2%, FEABEULEEIZA
MIZTZhZ2EDLIICHLLTWASD, LWHZLEZBELLTVWEDTHD.
PZABIDREL OFFBIZETm LTV Z IO TIE, FlXERD & 2 ez %)
BT ENTES (1) BEFENRROBICER INILFNIBNT, =a—Frh
#m,bé&%uufufmt<,%@&%Kﬁfnebfﬁﬁbﬁmmééﬁb
LN ZEO LB SA T2 LR, R—TORFOERN, HHRODERS
DFELBETFHROZFEL VD ZO0MBENRWRELZEATWZ 28T, E

BRATHRAPEGBLTCVWAFEOHIL 2oTEY, E5IT, Q) EFOEMLELTE
Z Bh'@ \HESFRITET B Russell DEENF| X Z T FE~DFL, (3) Meinong

RCHIEDEFOHRIAEZRADBEOFBOBMY HF, (4) SEOBEKIIZ
I0T$L5%E®WU&W,éBkﬁG):/t:%ﬁkﬁ@Té%ﬁkkWT
F—=FR—RAEEZ-HRL, T—FDANOEORENY, EHOBERELHD
BBEZLILESTELDFED, BABPEBLTWAFEL LTETLZENTE
5THAIL

LZAT, ETETEHICBVWTELAIFRBICEBET I2HEE2ExLE, D
BEICBWT, THHRBLZEATIZLIIARETHAIN? Bxid, ETHD.
o, THRABICEBVWTIIANEA L FOEEME -ANOIIEEDOMEBR 2 HEH
TAHZEBRHETLEI NG THD. ZTHESWVWHEZ 32 5ITHEFBEICBWV T,
FREICEB L-HAIITEEOMENEHINTLEY, FERRHEREZEKTDHZ
ERHERY, EWVWHZETHD. DEVHBARETIE, FEOZEL, £EOM
BENEHTREL BT LIT—HLTLEIDTHD. ZDLEEETREAL,
B2 IXERICIFRICEE LERICOAERRERZHITI TVNDHI LN 2L THS.
BV ARLIE, FEMMEULDZLE, FROMELZEHT L LOMITITKR
ERBVBHHOTHD. ZOXIRBRCEELT, UTOSATRRLNT
V5 Einstein OFEICH T2 REEIHEA4 DEB L —HLTWSLELLND.

W[TAy a8 I EHBRENRBTOTAT T LOBOTELERFE
EEOBITTRHRTHIELTERD-ZL, ZOBROBIL L ZR2VE

This ideography, likewise is a device invented for certain scientific purposes, and one must
not condemn it because it is not suited to others([4, p.6]).

32T, FBLIEIDHIMEA L TOTEME -4 ERLBICERSND, LI L THSD. =
DORITELTIY, BRbLHDLEATHS. HlxiE, Heyting I FBEEHANICETTHZ &litHSEfz
WEL, BERDLAFELAVTEESNS L LT3 ((5,p.102] #BB I i),

SZRLDBID S, (D78 REIE, (2),3)X[3]REI, @)IX[6]REKR, FLT(G)
(8] 2 LI ERBNET bR T V5.

SERICIIHRARBEOLL LT, HEXSHREL FOFTRABICBVWTHRIVERIZHBS Lo
b5,
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EFLOVRID EIX Leholz. BRIIEEZOFEE2, T2 LRICRN
iE, EHBEMEND X HIRDBHDEEB 5TV (10, pp.7-8], [ 1 DH
RITEEICL D).

FEUTOZS>OB|HATERONTWAZ LY, FENELRZ L L, EEOME
PEHTAZEEORINCETIEELRERTHL EEZ2DND.

----- Fx i, BEICE-oTUL, ROX D eE 2 Ho—HORBER Y&

IVERHDZ LEEERIIANRS TEARLRW. 2%, BEICES
BIICERYF->TLE I RLIE, ZXTWBERHEDOHET, HBHVIIEEICE
FANRLGNTWAERIE OB TFENELC M, EBRIITHAL2E%
L O XIRWEIICHIBRENZFETHALTWS X5 RIEFHTH S ([6,
p-37D).

da Costa I ‘BFIC BT HERDORE LRI L. ZOFREICK

niZ, ERERETHMEER D D072V OERBRIT, ERPEHTIX
W EIZHEWE ZATUODPNDERETH- T, ERNICFENZNE
EDORB TRV (1, p3).

wfhkﬁl hTmLéﬁt 5&%@%@%LK%AkM = ’ﬁ%ﬂu,

oooooooo

ooooooo

§Mén5 L&, E%Tbb & (trivial), f&b%&%@ﬁ%%gmfa Lt
PRI TALENRD D, FOEDIZIIBEINIEZRDFEFERGZBEOE
FZEFETNTVWBEDTHS.

2 XKEXDE=

L ZAT, ETHREBICHRA_ERMFEL T\ 5 Z & (contradictory) » HBATH 5
= Ltrivial) & 2 BAREIC KI5 = L OLEMIL, FEFARREBONEICEITHF
BT BEDEVCERZEBED FHOEVVEZB L TZITANLATVEHDT
» 5 EFRFIC, FEFAERREOERBEICELT, MBOEVZLILTIZZITA
NENTWVWAIKE—DEETHDIEE I ENHKSE. ZOEEDO T TEENAR KR
DL L TERA SN FHITSHONOBENRH I, F05bH0—oiF
BOBAME] LWIHIBALZEATS L) daCosta lCHKT LD THD. Zhi
D UEBERIZER RS2 51T, kDL DI/ 5. daCosta iXFBELAERBBEOEEC,
(1<n<w) ZHELED(CL [2]), ZOERIBWTRR L EEE~ICHT5H
HHAYBRTE ‘(AN -A)DB ITEH Sz s,

A®>((4 A -4)>B)

IBEHEND LI RBERERESTVWD. ZDESIT, KA EHFE~ ICETHE
HIBRLEIRTAER L MBEBNIHAAND LW ) 7 A 5 4 7 H da Costa DIE
RC, DRKERFFEALDTHS.
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3 K®XOBER - #K

Ub#BEZ-ET, KRXOBHELERELZASHITTS.

ETARB/IXOBHIL, K& Z2H5. £T—2HIL, daCosta DHFEZREE X 72
ETEALEUTL > TR ENTER PCLICL[9]) ICBET 23 MARERE2E XD
ZEThHD. BERPCLUZET AMEITELOHOBRMICHD Z L 2BE 2, &
RICBIT2ERII—EDEHRLFLEDI LEZLNS. £LTZ2HIL, daCosta®
HRLER - EXOMFEL OEE - RFFEITIZELETHD. 2T Lb, FKRPCLI
WOWTBEFOH RO COMEMITEALNCT E72DITIIMNBERARDZ & T
HDHDEEZLY. T bHZEL T, daCosta DIFENHIEE o -HIfR I - REH
BEZRDD LI BRHBBERIZOVTOERIZZ P EDI-DDLEEZBDIZ L
AL TWEDTHS.

RICARIXOERZ2 R <D, £¥, LICR_EZZ2o0BHD > bo—oB %88
2, BETIIERPCLI ZDLOIBETA2ER 5 X, THICHESE=ZETIL, &
% PCL1 OfE % DIERIZOWVWTERR21TH. £TLTENETIX, ZSBOEMESR
GHIZdaCosta D7 Fu—F LEA - EXDOT 7u—FOHE - RAEITH. FOE
uu A% PCL1 Db D TidAel, FIERCWS Z2EA LKL LT, &EaRElT

LIZT3. BBEOBERAETIABRIODERZWRICE LB Litir, 5% DHE
% BREAZKONEIT 5.

4 KEXDER

9, FRMXTRFEFREREMFEDOLEEED— AN Th S daCosta ARD Ik
FHRALEDR, ZOBRIZZOFEZIXINE TIIIERIN WA 2RE3 H
DT EEBRR. 9FY, ZTRETOFEFFURBBOMEICE N TIE, KRNI FE
LTWaZeE, BIATHAZLLEZRKHTEHEN) L ZAIZEESTVWER, da
Costa R DE 2 D—f{b & 51T - 7= Camnielli & Marcos DI FEZBEE 2 5725
X, TEEOEEM] 2XMREBEICEY AN ET, FE2OEORELSMHE L BE
HFHZENRTERLENSZLThHD. EVHEZEA2LIE, ZThETRFEEZER
DEBAENSWDIIRBE S ZDHTHo7-DIZx LT, daCosta AERDT Fa—
FTIEEHICH 5 —HBBEHIAALT, HOMEAICELTFERELEEEITE, T
NTOMBETIIRLS, TOMEADOTEEGHENEI LWVWIZLERVEXDDTH
5. ZOXIRERIL, FXIEHIEROBEDOBEMBRMICEVTERATXH
BEROBERICEELREEY5E25LE2OND. ks, MEAOREEMIL,
ERROBMBOZRYMEIZRV OB 2T 2BOE—SHE2REALTNELEILNDD
THY, LIdoT IMEOESHE] 2XREF/ANICEY AN FEiIHR~L OF &
DOERVFVELIVRESRBL TR EEZEZONDINLTHD.

BRLEXICL > THEIN=FEFRURBOERRZRPCLLIZIUED X 57T 7
O—F o2 ERTHD EE 250, daCosta DIERITITARWVEBEE->TWAS.
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EEZBFELTNBEI L, HBHATHDZ L LDORXFINTETHH I L L, MED
BOMPERNTRYVEFSI Z LN TEX B &1, daCosta DIER L HEBORATH
57, BFZPCLLIZIZEHIZKRD ZSDFIENRH S :

. FEHBEOBENRERST2HEDRIBVREIVERTHDLZ L ;

2. ZROERILY, MENBEHTHS LORED T CIITRMEREOH R Y
FEEIZT AL WVWHEBRORWEFIZESWTEY, BEHo&HBRIO LS 2 L
VIEBHLREFIITESVHTWVW RN &,

PEDRBELDOY LIZ, B TIER PCL1 RZF DB DOEZDOHEEIT,
UTORREEET : '

o KZPCLI DEHELWERILEE X, ZHIZX V&R PCLI A da Costa D&% C,
DIRERTHD Z L EZHALMNIT LT,

o MBEDNESMDECEICHETINE, HHREICHETIHIMRONLEPEETHD
TEEIRLT.

o A% PCL1 BARMENSHERE TRV L, TEIETHIABOMME, %
L CHREBR S FOMMMEL Wl A ZRBHREREZIEH L.

o AR PCLI ZHHMAITEIZ X - THERT BEED%E S D EERIEMAEE I 52N
Liz. ZO#E, (1) &% PCLI OHHMBEBEIC L AIEN—FE TRV LA
LMY, 72 (2) R PCLI LFRMEHRESS & OBRO L VEERERN
mREL oz,

o FRDESMELWVIMEEZHEAL, HIRETIZRIT ZMEOESMEDOH L1
REfHT 25X T

o KR PCL1 DBEFEOEROF TOMBFIFTEHLMZL, UTD X S 2Z2KHX%E

B
Cmin - Cn - C1 - PI
G < <
C, & PCLl ¢ PCLIC,, & PCLIC1 ¢ PCLIC2 ¢ CPC
in N n n

cc, ¢ TCC, ¢ HZ ¢ CprC

TIT, BRILLIEKLTE ¢ &iE, BRI AR ICEIZEERD
AR THBZ LERL TS,

e daCosta®CCP L EA EXDCCP & DHEREZITH I DIZEA L7-EFZ C,WS
DONESFIZEAL T, UTD LS 2ERXEE-.
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C ¢ C/WSC3 ¢ CwWSC4. ¢ P!
¢ G U U
Co ¢ CWS ¢ CWSChmin & C/WSCI ¢ C;WSC2

ZIZTC, BRI LICHLTE ¢, &, AR MR ICEIZEENS
BOERTHBZ L ERLTVA.

AFETHELN-FEFERIL, daCosta DT T —FIZIn o= %H>DOF EHERHK
E@%ﬁk@?é%@kmanfwé L#L&ma,_n6®F%%EMLt%
R FERBERVFEEIL, daCosta D7 7B —F 2R o= X TOERIZHE
AFERLDOTHS. - T, B THRONED-T-ER, TR INILLBES
NETHAIBROUE - RINCOLEAH OB AL FENAEDTHH L E2MAEL
TRL.

5 SROBE-BE

KRBT ARREBE X, SH%OBRE - BEE2KELL Z2 QT TR 5.
BE—OBREL LT, EANMEERETILERDHDLVI ZEBRETOLND.
Bz 1%, RFEFERORUICBWTRESER DL I ICRY bR TV E e
ITLEEBRTIVNERDHDEVIZETHD. ThEHALNITHIEICLY, F
BFAMBORROBEIIB L TEE I REFHFEZHALLICTHII LN TE S L
LBz, EFEOBEARICHTI—EDFENRELND EEXLLND.

BIIZ, RRIIMEORNBRILHBALRVWEEREBEORBEDADHI L 257228,
RIBMEREOHEICIB W THET HEEDH DN E O H 5. AP ITHKAE
WREEE LTETFEbooMIE, ZZTirkEzFETFTREEZ

o LA3ZENTRMN-REARRT L FOILEARICETIEELY, AR PCLI 12&
THELNI-RBREBEZITITOZ LI, EFEICEETHRLEZZIDNS.

o KMDERYEE 2 57251, CCP DEHERID L — B ERICEITAE
BLAEL R EEZLNS.

e ARPCLIICBWTEALZCCPICEELT, BEZ ML _ELTEDKRELR
DEho7-ET, CCPL LTA=NNAZBERALIEBEOEZRDEEZLZITOIZ LD
FEETHDHLEZLNS.

B, MERBOREA TOREDRKICIT, YRMEOABIIELHLADFEDL L
HERb. %GD@L 3, BHEOBEEREIT T <, Lesniewski D Ontology ~
EHRLTWS ZER—0onF#t L5, THZ L EEOBREREIL, KFEOERB
ICHTDERE S LI, MBEOTFEAELO EICRYII->TEY, BREL TR
ED is’, F—HED i’ T L THEED ‘is’ &V ) B o7 tis” DFRENCH L TRAR -
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BRI LE XD LIZR>TWVAD. ZDZ LT, BRI ZEBAOVRLTS
TEBMELRABETOHRIZE > TUITNRVICRYRDOTHBA, LrLE
ZTOHRICBO VI Y — B RREZBRICANS O THNIE, Fx OHRD
LARNELLEIREEFHEZELAABOERILT I EBMNETHEHEEXD
Nn3. 07, Leéniewski 5 Ontology AT HAFNEELWNEEXOLNDD
ThHb.
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A Study of Paraconsistent Logic PCL1

Hitoshi OMORI

Abstract

The present thesis offers a study of paraconsistent logic. It aims to distinguish two
logical concepts for logical systems, namely being contradictory and being trivial. A
system 1is called contradictory when a proposition and its negation are both derived and
a system is called trivial when any proposition can be derived. One of the motivations to
construct a system of paraconsistent logic is that we often face contradictions while we are
in a stage of transition from a rather rough theory to a more sophisticated theory. If we take
the classical logic as the underlying logic of a theory in the above mentioned situation,
then any proposition will be derivable and therefore we would not be able to continue our
sensible inference. On the other hand, if we take a system of paraconsistent logic as the
underlying logic, then even if we face a contradiction, we would not necessarily be forced
to derive propositions disorderly.

Now, as it is known, there are several different approaches in constructing systems of
paraconsistent logic. In the present thesis, we take the same approach that originates
from da Costa. This is because we consider that da Costa’s approach has an appealing
feature which has not been pointed out before. We can briefly summarize the feature as
follows: in the study of paraconsistent logics until now, it seems that we were not able to
go further than Jaskowski’s criterion to differentiate two logical concepts, contradictory
and trivial. In other words, we did succeed in isolating contradictoriness from triviality,
though we did not succeed in obtaining some meaningful conclusions from a contradic-
tion. It seems, however, that this situation can be overcome when we pay attention to da
Costa’s approach. His main idea is to internalize the notion that was originally called “be-
having classically” by da Costa and later generalized as “consistency of a proposition”(CP
hereafter) by Carnielli and Marcos into the object language to restrict the classical propo-
sitional logic. As a result of this move, we are now able to derive not any proposition
but inconsistency of the proposition 4 from a contradictory pair 4 and its negation. Since
an inconsistency of a proposition can be considered as a first step to doubt the validity
of hypotheses, we can say that da Costa’s approach nicely reflects our way of handling
contradiction. The first chapter of the present thesis clarifies these points after a formal
definition of paraconsistent logic, some brief sketches of the development of paraconsis-
tent logics and a survey on da Costa’s system C,,.

We then start in the second chapter our study on the system PCL1. This system PCL1
is a system of paraconsistent logic originally developed by Waragai and Shidori, and
contains a more intuitive definition of CP compared to CP of da Costa. In the third
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section, strong negation is defined, and its basic results with some interesting relations to
paraconsistent negation and CP are proved. The fourth section presents detailed analysis
of propagation of CP in PCLI1. It builds on one of the important contributions of Waragai
and Shidori on the relation between propagation of CP and de Morgan’s law. Here we
go a little further. These results will be followed by the fifth section in which (1) some
metalogical theorems for PCL1 tracing Arruda’s results regarding da Costa’s system C,
and (2) the independency of logical connectives of PCL1 are investigated.

The third chapter focuses on the various extensions of the system PCL1. The first
three sections offer some observations on enriching the system PCL1 with the classical
negation. Namely, some concrete conditions for enriching the system PCL1 with the
classical negation are explored by making use of the strong negation introduced in the
previous chapter and also the fact that the system PCL1C, which is an extension of PCL1
enriched with the classical negation, is actually not determined uniquely is proved. The
fourth section is devoted to a new characterization of CP in the system PCL1C, which can
also be applied to da Costa’s system C;. The fifth section then concentrates on the relation
between PCL1 and the well-known system of modal logic S5. The important result here
is that the main theorem in Waragai & Shidori[2007] is quite sensitive in the sense that
it depends on how we enrich the system PCL1 with the classical negation; if we extend
PCL1 “minimally”, then the relation to S5 holds, but otherwise it turns out that the result
does not hold. The chapter three closes with a result that states the position of PCL1 and
its extensions in the existing systems such as Sette’s P!, Gordienko’s TCC,, and Béziau’s
HZ.

After these detailed examinations of the system PCL1, the fourth chapter opens by
introducing a new system of paraconsistent logic called C;WS. This system C,WS is a
“variant” of da Costa’s system C,; in the sense that we obtain C, WS just by replacing
the CP of da Costa with that of Waragai and Shidori. The reason for introducing this
C, WS is to compare the two different CPs. Now, as it might be expected, many of the
results for PCL1 are shared by C,WS. But there are of course some differences between
PCL1 and C; WS and these points are summed up. Also, a completeness theorem for
the system C; WS is proved by modifying the method taken by Lopari¢. After these
discussions in the first section, some concrete conditions for enriching C; WS with the
classical negation, as it is done for the system PCL1, are observed in the second section.
Here we find an interesting difference between C; and C, WS, which reflects the difference
in the notion of CPs. The third section tries to clarify the difference between two CPs from
four aspects, i.e. (1) the behaviour of iterated negation, (2) the characterization of CP, (3)
the result related to so called Urbas’ problem and (4) the relation between contradiction
and inconsistency.

Finally, the thesis closes by summarizing the main results of the study and identifying
areas for future research.
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Exploration, Marketing, and Politics of Natural Gas
in Bangladesh, 1971-2008

Md. Mamunur Rashid
(Supervisor: Prof. YAMAZAKI, Masakatsu)
Introduction

Lacking financial and technological resources to meet the challenges of high-risk
exploration and production of natural gas, Bangladesh had to turn to IOCs for help.
Beginning about the early 1980s, many IOCs came to Bangladesh and subsequently
discovered vast gas reserves. To export it, a pipeline was proposed by Unocal, a US
based company, which discovered in 1998 the Bibiyana, the biggest gas field in South
Asia. But the issue of exporting gas has generated a fierce debate: Should Bangladesh
export gas and use revenues in poverty relief and other development programs or keep

its reserves for future domestic use?

1.1 Questions and Difficulties Concerning the Bangladeshi Gas Sector

It is widely recognized that natural resource rich developing countries often face
political, economic, technological, and marketing difficulties in utilizing their own
natural resources.! This dissertation studies these difficulties in the case of Bangladesh.
So the central question of this dissertation is: what are the difficulties of exploration and
marketing of natural gas in Bangladesh? Can these difficulties be remedied? There is an
ongoing public debate on natural gas export. So a more specific question is: what are
the major barriers to exporting natural gas in Bangladesh?

1.2 An Overview of Bangladeshi Natural Gas Industry

Thanks to IOCs, Bangladeshi natural gas has emerged as a sector of large potential.
However, this created a problem. The gas production soon came to surpass the limited
local demand. To increase their profits, IOCs sought ways to market it elsewhere.
Among the options is the building of a pipeline to India to sell some of Bangladeshi
natural gas. The pipeline was proposed by Unocal, a US based company. The project
was supported by IOCs, World Bank, and Asian Development Bank.” But the issue of
exporting natural gas has generated a fierce debate.

CHAPTER TWO:
Theoretical Framework: A Summary of Franco Malerba’s Sectoral Systems of
Innovation (SSI)

2.1 Sectoral Systems of Innovation

Malerba’s sectoral systems of innovation (SSI) theory focuses on the nature, structure,
organization, and dynamics of innovation and production in sectors by looking at
knowledge, actors and networks, institutions, and demand. This model can help

' Auty, R.M and Raymond F. Mikesell (1998). Sustainable Development in Mineral Economics
(Oxford: Clarendon Press).
2 Unocal (2002). “Bangladesh Natural Gas Pipeline Project: Fact Sheets.” Sugar Land, Texas.
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understand better the structure and boundanes of sectors, agents and their interactions,
and innovation processes specific to a sector.” It is one of the characteristics of the SSI
approach that it focuses not on the innovations within a specific nation or country but on
those of a specific industrial sector which develops beyond national borders. On
contrast, usual macro economics approaches focus on national systems of innovation. In
the case of EU, however, the networks of even a specific sector span the whole EU,
made up of many nations. This may be one of the reasons why the SSI approach
receives academic popularity in Europe.

2.2 SSI’s Three Blocks

According to Malerba, every sectoral system of innovation has three blocks: (i)
knowledge, technological domain, and boundaries, (ii) actors, relationships, and
networks, and (iii) institutions. These three blocks may be elaborated as follows:

2.3 SSI and its Implication for Developing Countries: Advantages and Dlsadvantages
The SSI approach has been successfully applied in Europe, and recently in Japan.*
This SSI approach is now popular with scholars in developing countries. According to
Hosein and Mohammed’s study of Iranian cellular phone, SSI model has advantages
and disadvantages when it is applied the innovation study in developing countries: (A)
Advantages: (i) SSI is affected strongly by international issues such as export and
import, FDI, and local and foreign rivals. (B) Disadvantages: On the other hand, SSI
approach is not as successful in some cases in developing countries: (i) it does not give

the government a central role but considers it as one of the non-firm actors.’

2.4 Application of SSI Approach to the Historical Study on the Natural Gas
Industry in Bangladesh

The SSI approach may also provide a useful guideline for the historical study of
natural gas in Bangladesh, one of Least Developed Countries (LDCs). SSI approach
may help discuss how to overcome vicious cycles that block systems which help with
growth, development, and transformation of Bangladeshi natural gas sector. In the
Bangladeshi context new actors might emerge as a result of changes in economic and
political systems. These changes should affect the organization of Petrobangla in an
evolutionary way. This study uses SSI theory only as a theoretical framework for the
historical analysis of the issues surrounding Bangladeshi natural gas.

’ Malerba, F. (2004). Sectoral Systems of Innovation: Concepts, Issues and Analyses of Six
Major Sectors in Europe (Cambridge University Press).

* Malerba, F. (2004). Sectoral Systems of Innovation: Concepts, Issues and Analyses of Six
Major Sectors in Europe (Cambridge University Press); Kumiko Miyazaki and K. Klincweicz
(2006). “Sectoral Innovation System in Software in Asian Countries.” Japan Advanced Institute
of Science and Technology:

’ Mohammad Hosein, RM. and P. Mohammad (2008). “Comparative Analysis of Sectoral
Innovation System and Diamond Model: The Case of Telecom Sector of Iran.” Journal of
Technology Management & Innovation, Vol .3 no .3, 2 March, Santiago.

-45-



FEMXERR] £ 13 52010 )

CHAPTER THREE:
Knowledge and Technology Domains of Bangladeshi Natural Gas Exploration

3.1 Science and Technology Infrastructure for Expanding Gas Exploration and
Reserves in Bangladesh

Bangladesh is considered as one of the most promising gas potential zones in South
Asia. By contrast, its exploration, production, development and marketing of gas have
been very poor, mainly because of the country’s limited scientific, technological, and
financial resources, and of lack of basic infrastructures. For example, its scientific and
technological education receives far inadequate attention. This in turn affects negatively
its gas exploration and marketing capacity, and impedes the development of an efficient
and dynamic gas sector in Bangladesh.

3.2 Local Science and Technology and Academic Institutions

The natural gas sector is a capital, technology, and expertise intensive sector.
Bangladesh is suffering from especially the lack of experienced staff trained in geology,
geophysics, and drilling engineering. Bangladesh’s weak science and technology
infrastructure has a lot to do with poor education, vocational training, financial
resources, and low R&D activities.

3.3 Geology Education in Bangladesh

One of the most relevant fields of science and technology for natural gas exploration
activities is geology. In Bangladesh, four national universities and one institute (the
Bangladesh Petroleum institute (BPI) offer professional training in geology. In 1995 a
Petroleum and Mineral Resources Engineering Department (DPMRE) was established
under Bangladesh University of Engineering and Technology (BUET), and now has
four teaching staff, offering master level courses in petroleum engineering.

3.4 The Brain Drain of Energy Experts and its Influence on Gas Sector

The Bangladeshi oil and gas industries have been suffering from a vital brain drain.
Over the last two decades, this outcome has affected these sectors badly. A report by
Energy Bangla (2008) notes that more than 65 higher academically qualified
Bangladeshi oil and gas engineers now live in the countries such as Canada, USA, UK,
Germany, Singapore, and United Arab Emirates.

3.5 Knowledge Gap in the Estimation of Gas Reserves

One of the most pressing problems facing the Bangladeshi energy sector today is the
lack of a complete assessment of the country’s full gas reserve potential. According to a
report by Centre for Policy Dialogue, Reinier Reddingius, managing director of
exploration and development, Shell Oil Company Ltd, noted that there was a wide
knowledge gap in the estimation of natural gas reserve in Bangladesh.®

§ Centre for Policy Dialogue (CDP) (2003). “Energy Sector of Bangladesh: What are the
knowledge gas?” Dialogue Report 58, CDP, Dhaka.
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3.6 Further Gas Reserve Potential

A large part of the country, especially the offshore western area remains mostly
unexplored. In the last two decades a total of 25 gas fields have been discovered’.This
has given Bangladesh a very high success rate in locating gas reserves. In India over
4000 exploratory wells have been drilled, in Pakistan about 800, and in Thailand, where
oil and gas exploration started much later, around 1000 wells have been drilled.
Bangladesh has a high exploration success rate of 1:3 compared to 1:6 in India, Pakistan,
and Thailand.®

3.7 Bangladesh’s Gas Reserve Estimations

In Bangladesh all estimated reserve figures are associated with certain degrees of
uncertainties, since exact reserves of the country cannot be precisely known until the
gas fields are actually depleted. A number of foreign countries provided technical
assistance in gas sector development, and in assessing Bangladesh’s gas reserves

3.8 New Surveying Technologies

The new technologies such as 3-D seismic surveys, compression, and effective
management are likely to increase these sums greatly. For example, an initial 3-D
seismic survey by Unocal at the Bibiyana field resulted in a 10 percent increase there,
and it is likely to rise to 50 percent. According to Unocal by using this technology the
proven reserve may double.

3.9 Bangladesh’s Natural Gas Market and its Asian Context

The economist and technology management scholar Franco Malerba emphasized
(2002) the significance of market in industrial sectors.” Wybrew-Bond and Stern in
their book Natural Gas in Asia identify four principal factors for gas market.'® At
present Petrobangla is the main buyer of gas produced by the IOCs and Bangladeshi
companies.

3.10 Innovation and Marketing Technology

Innovation in Bangladesh energy industry can be identified as two types, one is
technical innovation in gas production, and the other is service innovation. Bangladesh’s
gas marketing technology is currently at a nascent stage.

7 Blakeley, Ian A. (2006). “Bangladesh — A Natural Gas Perspective.” Monthly Newsletter of
the Petroleum Exploration Society of Great Britain (PESGB) (London, U.K.: Petroleum
Exploration Society of Great Britain (PESGB).

8 Naseer, A. (2007). “Oil and Gas Exploration in Bangladesh.” Vol 5, Issue 41, April, 6-2,
Probenews. .

® Kumiko Miyazaki and K. Klincweicz (2006). “Sectoral Innovation System in Software in
Asian Countries.” Japan Advanced Institute of Science and Technology.

' Jan Wybrew-Bond, and Jonathan Stern (2002). Natural Gas in Asia with Contributions by
Davod Fridley, Najeeb Jung, Akira Miyamoto, and Keun-Wook Paik (Oxford: University Press
for the Oxford Institute for Energy Studies).
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3.11 Is Export of Gas-Based Products Market Economically Viable Option for
Bangladesh?

Natural gas can be exported as industrial and processed byproducts or directly as a
raw fuel. A more economical form of gas export is through piped gas. An alternative to
land-based pipelines through Bangladesh to India is LNG, which is more expensive due
to the capital- intensive nature of the liquefaction process.

Bangladesh is considered as one of the most promising gas prone basin. However, the
performance of Bangladeshi gas sector has been very low. The main reason is the lack
of scientific, technological, and financial resources. Over the last three decades, gas
industries have been suffering from a vital brain drain. This outcome has affected these
sectors badly. At present the Bangladeshi gas industry is totally dependent on external
sources for technology. Marketing technology is only emerging now.

CHAPTER FOUR:
History and Actors and Networks of Bangladeshi Natural Gas Exploration

4.1 Gas Sector Development and Foreign Assistance
This chapter shows the historical development of the international network
concerning natural gas exploration in Bangladesh.

4.2 British Colonial Period (1908-1947) and Petroleum Act 1934

In the period between 1908 and 1933, six exploration wells were drilled by the
Burma Oil Company (BOC), a Scottish oil company, and the Indian Petroleum
Prospecting Company (IPPC). Three of them were abandoned as no gas was
discovered."' In 1934 a Petroleum Act consolidated and amended the law relating to the
import, transport, storage and production of oil and gas, and other inflammable
substances. From 1939 to 1945, due to the World War II, all exploration activities were
disrupted."?

4.3 The Pakistani Period (1947-1971) and Petroleum Act 1948

In 1948, the Pakistani government promulgated a Petroleum Act to encourage oil and
gas exploration. The act had a positive impact and led to a dramatic increase in the
search for fossil fuels in the region. A large numbers of international companies were
given concessions."?

4.4 The Bangladeshi National Period (from 1971)
In 1974 Petrobangla was established to initiate, undertake, and guide oil and gas
exploration activities. Under Production Sharing Contracts (PSCs), Petrobangla

' Muni, S.D. and P. Girijesh (2005). India’s Energy Security: Prospects for Cooperation with
Extended Neighborhood (New Delhi: Rupa .Co).

"2 Jacard M. R., K. Mujibur, and J. Richards (2001). Natural Gas Option for Bangladesh
(Centre for Policy Research IBUAT-International University of Business Agriculture and
Technology, Dhaka, Bangladesh).

> Muni, S.D. and P. Girijesh (2005). India’s Energy Security: Prospects for Cooperation with
Extended Neighborhood (New Delhi: Rupa .Co).
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engaged IOCs mostly from the US, Europe, Canada, and Japan."* From 1980 to 1990,
Petrobangla’s exploration in the offshore area yielded very little. To increase the
productivity, in 1993 Bangladesh introduced a new petroleum policy, and a model of
PSCs."*The exploration of gas gained a considerable momentum in the 1990s, thanks to
innovative measures that the government introduced to reduce the risk for private
investors. IOCs signed PSCs to undertake the exploration of oil and gas blocks, on a
50:50 sharing basis of the product.'®

4.5 I0Cs and Petrobangla’s Involvement in the Oil and Gas Sector

IOCs played a crucial role in gas exploration in Bangladesh. IOCs discovered 12 gas
fields having a total gas initially in place (GIIP) of 18.9 TCF (92%). Their finds have
added approximately 14 TCF in total recoverable gas reserves. Petrobangla had
discovered ten fields with a total of GIIP of 2.1 TCF. This is a notable achievement as
Petrobangla has discovered a total recoverable gas reserve of 1.5 TCF (8%).!” Currently,
there are several big IOCs operating in Bangladesh. Through its eleven subsidiaries,
Petrobangla is engaged in all stages from exploration, production and marketing of
natural gas. (Figure 4.1) A special department in Petrobangla deals with the I0Cs.'®

Figure 4.1
Companies under Petrobangla

Petrobangla
Central Office
BAPEX BGFCL SGFL GTCL BCMCL MHMCL
for for for for for for
exploratio production production marketing constructio construction

' Shakit: Energy and Related Information Source of Bangladesh (2002). “Hydrocarbon
Exploration in Bangladesh.” http://shakit.hypermart.net/fossil/hydrocarbon_exploration.html.

"5 Rafiqual, L. (2002). “Status of Petroleum Exploration and Development in Bangladesh.”
Conference Issues in Tokyo Japan, Professor and Former State Minister for Energy and Mineral
Resources.

'8 Muni, S.D. and P. Girijesh (2005). India’s Energy Security: Prospects for Cooperation with
Extended Neighborhood (New Delhi: Rupa .Co).

"7 Shamsuddin, A. H. M., Todd A. Brown and M. Rickard (2002). “Bangladesh Gas Reserve,
Resource Potential May Be Underestimated: Bangladesh Gas Endowment-2.” Oil & Gas
Journal, 29, April, pp.40-43.

'® Murshid, AK.S. and A. Wiig (2001). “A Review of Development Trends in the Energy
Sector of Bangladesh: CMI Report Chr.” Michelson Institute Development Studies, Norway.
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4.6 Foreign Direct Investment (FDI) by I0Cs

The energy sector is essential for macro-economic growth. Private sector interest and,
concurrently, Foreign Direct Investment (FDI) in the natural gas sector increased
dramatically in the 1990s when the country was divided into 23 exploration blocks."

4.7 External Assistance and Support

Bangladesh received substantial financial assistance from the Asian Development
Bank (ADB), World Bank and Japan international Cooperation Authority (JICA), and
US Trade Development Agency (USTDA), Norwegian Agency, and Canadian
International Development Agency (CIDA) for exploration of natural gas.

As described in this chapter the historical development of the international network
worked well in oil and gas sector in Bangladesh. IOC’s and international financial
agencies’ support resulted in the discovery of world class gas fields and huge amount of
natural gas reserves. This gave Bangladesh a great hope for poverty reduction. However
this momentum did not sustain after around 2000.

CHAPTER FIVE:

Unocal’s Bangladesh-to-India Pipeline Project

The idea exporting gas by pipeline from Bangladesh to India is not new. It emerged
as early as the 1980s. The Bangladeshi government, however, did not make a special
effort to promote it because of political reasons. This chapter describes the history of
Unocal’s Bangladesh-to-India pipeline project, and shows that uncertainty with the
government decisions lessened the enthusiasm of private investors including Unocal
itself.

5.1 Unocal’s Role in Bangladeshi Gas Exploration

Among IOCs operating in Bangladesh, Unocal has played a significant role in the
country’s gas exploration history. In 1998, Unocal discovered the world-class Bibiyana
field. Shortly afterwards, Unocal announced the discovery of significant gas reserves at
the Jalalabad gas field located in block 13 and of the Moulavi Bazar field situated in
block 14.

5.2 Unocal’s Discovery of the Bibiyana and Pipeline Proposal

In November 6, 2000, Unocal revealed its plan to lay (i) an underwater natural gas
pipeline from Bangladesh to Andra Pradesh, and (ii) another surface pipeline to Delhi
through Calcutta.”’ Unocal’s formal proposal came in late 2001. It proposed a pipeline
of 1,363 kilometer (847 mile) long from the Bibiyana to Delhi through West Bengal,
Bihar and Uttar Pradesh. The line was estimated to be able to earn Bangladesh extra
USD 500 million a year.”!

1 Mark, T. (2003). “Bangladesh: ANESA; Asia; South Asia; ADB.” Country Commercial
Guide FY 2004: Invest Climate,
http://strategis.ic.gc.ca/epic/internet/inimr-ri.nsf/en/gr117680e.html,7.

2 Golam, M. (2000). “Can Bangladesh Afford to Export Gas?” the Daily Star, (Dhaka), 10
May.

2! Srinjoy, B. (2007). “Energy Politics: India-Bangladesh-Myanmar Relations.” IPCS Special
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5.3 Bangladesh-India Pipeline: a Momentous Project

The idea of building a pipeline gained a considerable momentum from 2001because a
group of local politicians, professional institutions, bureaucrats, lobbyists, and local and
foreign energy experts were promoting pipeline gas exports as a profitable option. There
was, however, a strong opposition from various local politicians, and professional
institutions, and some energy experts who had also been on their stand on the issue of
export.

5.4 Economic Prospects of a Bangladesh-to-India Gas Pipeline

According to Muni and Girijesh, as projected by HCU-NPD study for export volumes
of 500 million cubic feet gas per day, the Bangladeshi government revenues range from
USD 2.9 billion at the floor export price of USD 1.37 per Million British Thermal Unit
(m BTU) (to USD 5.8 billion at the ceiling price of 2.96 per m BTU. If the quantum of
exports is increased from 500 to 1000 million cubic feet gas per day, the revenues for
Bangladesh should go up to USD 9 billion approximately.”

5.6 Gas Pipeline Networks in Other Places

In Indian-Subcontinent the pipelines development project was not successful for
political reasons. According to Haq Emanul, while new pipelines were being built
across Europe, Latin America, and other parts of Asia, Indian-Subcontinent is rather
behind. The proposal to build new inter-regional gas pipelines there has been, for a few
decades, shadowed by regional political cloud. Proposal to carry natural gas from
Middle East (Iran, Oman, and Qatar), and also central Asia (Turkmenistan) to India, and
Pakistan have been pursued at the government level as well as by several IOCs. With
the exception of Oman pipeline, all the pipeline projects depend on cooperation between
India and Pakistan which are still now struggling.??

This chapter described the history of Unocal’s Bangladesh-to-India pipeline project,
and showed that uncertainty with the government decisions lessened the enthusiasm of
private investors including that of Unocal itself. Unocal, a large investor in Bangladeshi
gas, has proposed to build the pipeline partly to sell the gas from its Bibiyana gas field.
The pipeline could be a major boon for the company and Bangladesh gas industry.

CHAPTER SIX:

Institutions in Bangladesh Natural Gas Exploration:
Public Debate on Gas Export and Pipeline Project

This chapter describes the history of this debate and analyzes its social and political
background. It shows that the debate accompanies political habit in Bangladesh. That
habit or the rivalry between major Bangladeshi political parties is one of the most
serious institutions problems behind the debate.

Report, No, 45, July 2007.

2 Muni, S.D. and P. Girijesh  (2005). India’s Energy Security: Prospects for Cooperation with
Extended Neighborhood (New Delhi: Rupa .Co).

» Haq Emanul, H. (2002). “International Transportation of Natural Gas by Pipeline: Prospects
of Bangladesh.” the Independent, (Dhaka), 1 March. pp. 1-7.
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6.1 Arguments For and Against Gas Export

The issue of gas export through a pipeline is the subject of a big debate involving
domestic actors like energy experts, academics, economists, and politicians. I0Cs,
foreign donors, and investors, the international think tank institutions, and charity
organizations are also involved. They continuously pressure domestic actors to accept
Unocal’s plan. This debate became too chaotic for Bangladeshi government to make a
sound decision.

First, let us look at the arguments in favor of the gas export.

A. Main Arguments in Favor Gas Export

Three sets of arguments in support of the export option can be identified: First, there
is sufficient gas reserve for export. Second, gas export is economically viable. Third, the
demand for natural gas may decline in the future due to technological developments and
new energy options.

B. Main Arguments against Gas Export

Opponents believe that in the long term the export may lead to a domestic energy
shortage, for example, when Bangladesh achieves a higher degree of industrialization
and development. Opponents of gas export argue that (i) the country’s gas resources will
quickly deplete, (ii) the priority should be given to national industry, and (iii) gas
exports may lead to the Dutch Disease.

6.2 Overcoming the ‘Dutch Disease’

In 2004 a measure to cure the Dutch Disease was proposed by Nobel laureate
Stieglitz. He once was an opponent and firm critic of natural resource export for
developing countries including Bangladesh for the fear of resource curse and other
economic and political problems. A key strategy is depositing export earnings overseas,
and bringing them home gradually.?* If Bangladesh strictly follows his suggestion, it
should not encounter a serious problem with the Dutch Disease.

6.3 Political Rivalry in Bangladesh and the Dilemma on Gas Export

Politics in Bangladesh has been dominated by two major parties for the last 20 years:
the Bangladesh National Party (BNP) and the Awami League (AL). The gas export
policy in Bangladesh is constrained by nationalists’ priorities, and party politics.
Generally all the governments have supported gas export when they are in power. AL
and BNP have similar opinions about keeping certain amount of gas reserve for future
domestic use and reliable estimation of the actual gas reserve before deciding on a
comprehensive export policy. They differ, however, over the duration of period of years
for keeping gas reserve for domestic consumption. In 1996 the AL government insisted
on allowing exports only after ensuring sufficient reserves of gas for 50 years of
domestic use. In October 2001, when the BNP came to the power, it gave several
indications that it also was sympathetic towards the export option. BNP has even
reduced this time to 20 years from 50 years.” It needs to be mentioned that the BNP
denied export when it was in opposition. It gave domestic use the first priority. BNP’s

* Stieglitz, J. (2004). “We Can Now Cure Dutch disease.” the Guardian, Wednesday 18,
August.

» Muni, S.D. and P. Girijesh (2005). India’s Energy Security: Prospects for Cooperation with
Extended Neighborhood (New Delhi: Rupa .Co).
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suggestion was rejected by AL, then, in opposition. But AL had supported the same idea
when it was in power in 2006. The two political parties are constantly bickering over
whether or not to sell the reserves.

6.4 National Committee Reports and Comments

In 2001 BNP government formed two national committees for the first time to
estimate the country’s actual gas reserve and future projections before gas export to
India. However, these national committees presented different gas reserve figures.
This has created government’s dilemma on the overall issue of actual gas reserve and
pipe gas export to India. The final reports by the two committees recommended “limited
gas export” in order to keep IOCs interests in Bangladeshi gas exploration and further
development at the same time.

The dilemma faced by the government in taking a decision on gas export is a case of
rather a strange politicization. The issue of gas export has been entirely depended on
rivalry between these two political parties and their leaders. Ironically, each of the two
major parties adopted a similar path. When they are in power, they are sympathetic to
gas export and international pipelines, but when they are in opposition they strongly
oppose them. Thus the two parties reverse their positions completely when they are in
power and in opposition. The issues of exporting natural gas and allowing
international pipelines have divided the country into two groups feeding fierce political
rivalries. These painful rivalries are major challenges to a sound natural gas export
policy. As a result, Bangladesh has failed so far to create a common ground for solving
issues of natural gas export. However, each party when in power usually accepts the
advantages of gas export. Both are also in agreement that pipeline gas export to India
offer perhaps the only hope for a brighter future.

Due to political rivalries no determined clear policies developed on gas export. If the
debate continues for a long time no one would be a victor in such a divisive political
climate. It is, nevertheless, very clear that neither of the parties would want to adapt
policies that will harm the country’s economic and social prosperity. Therefore, it would
be a key strategy for both the parties to put aside their political rivalries and ambitions
over natural gas. If they can put aside political rivalries and short-term ambitions, they
would be able to create a common ground on how to deal with the questions of gas for
export. Bolivian experience may offer a lesson for Bangladeshi people to find a
common ground on natural gas issues. Historically, Bolivia, has dealt with very similar
issues regarding the exploration and export issue in Bangladesh.?® Bangladesh can
follow a referendum like in Bolivia to resolve the internal divisions over gas export to
India.

This chapter described the history of gas export debate, and observed that the
politicization of the gas export is one the most fundamental problems in Bangladesh.
The political rivalries of two parties, BNP and AL, are major challenges to a sound
natural gas export policy. As a result, Bangladesh has failed so far to create a common

Franz, C. (2004). “BOLIVIA: Deep Division over Referendum on Natural Gas.” Energy
Bulletin, 30 May.
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ground to solve the issue of gas export. To solve this deadlock, Bangladesh can follow
the example of Bolivia by holding a referendum on what to do with natural gas.

CHAPTER SEVEN:

Co-evolution in Bangladeshi Natural Gas Sector

7.1 The Co-evolution and Major Bottlenecks of the Bangladeshi Gas Industry

There are still some bottlenecks for a possible co-evolution in Bangladeshi gas sector.
The most pressing problem in Bangladeshi gas sector is the lack of the initial
knowledge and technology. Bangladesh follows classical models of resource
exploitation, scale, efficiency, and quality, without innovating or upgrading these
models. This seems to be a common pattern for most developing and developed
countries with a colonial heritage. Over the last three decades, gas industries have been
suffering from a vital brain drain and technological gap. This outcome has affected
these sectors badly.

7.2 Developing Countries’ Bottlenecks: (i) According to the theory of SSI, when the
elements of SSI are properly coordinated, their change over time results in
co-evolutionary processes. (ii)This process involves technology, demand, and
knowledge base, learning processes, firms, non-firm organizations and institutions.(iii)
There are several bottlenecks in SSI elements of natural gas sector in Bangladesh.

Bottlenecks in Bangladesh natural gas sector include:

(A) Bottlenecks in Knowledge Block (i) the initial knowledge and technology are
not sufficient. At present the Bangladeshi gas industry is totally dependent on external
sources for technology. (i) Over the last three decades, gas industries have been
suffering from a vital brain drain. This outcome has affected these sectors badly. (B)
Bottlenecks in Actors Block(i) The state monopolies like Petrobangla rarely have
experience working overseas.(ii) Mostly due to local politics the gas export issue has
been heavily politicized. (C) Bottlenecks in Institutions (i) there is a lack of tolerance
among political parties where the governing and major opposition parties are often in
confrontations. (ii) Gas export is an issue of rivalry between the two major political
parties. These bottlenecks in Institutions are the most serious.

7.3 A Possible Co-evolution to Overcome these Bottlenecks:

A number of obstacles need to be overcome before an international gas pipeline is
built. Without significant international cooperation, the situation is unlikely to improve.
If political parties put aside their differences, they may be able to find a common ground.
The possible solutions facing the Bangladeshi gas industry problems in SSI blocks
are:(A) Knowledge and Technology Block (i) Knowledge and technology policies
should be addressed at local and international levels and must also reflect a good global
perspective. (ii) In Bangladeshi oil and gas industries have been affected by brain drain
especially over the last three decades. The situation may change if scientific research is
better organized and financed. (B) Actors and Networks Block(i) Bangladesh’s gas
sector partners include the Asian Development Bank, the World Bank; JAICA, and
Nordic and US geological surveys. They could assist Petrobangla in various ways by
providing technical cooperation, new technology and devise some mechanism to create
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proper environment to stop brain drain. (C) Institutions Block (i) The politicization of
gas is the most fundamental obstacle. The government, and opponents must work
together to solve this problem.

This thesis used SSI approach as a framework for analyzing Bangladeshi gas sector
and its problems. It systematically classified Bangladeshi gas sector’s bottlenecks in
each three SSI blocks. Bottlenecks in institutions block were identified the most serious
challenge. If political parties put aside their differences, they may be able to find a
solution. A large consensus among them is a crying need for Bangladesh at the moment.

7.4 New Policies and Strategies

To overcome these mostly politicized problems the Bangladeshi government and
institutions need to develop new policies, strategies, and improve regional cooperation.
First of all, the government needs to give the equal priority to the regional impact and
economy. Second, Bangladesh needs to spend its gas revenues wisely.

7.5 Identification of Areas for Further Research

(a) Gas consumption growth on sectoral basis. (b) Reserves estimate using advanced
technologies.(c) Impact on the gas sector if IOCs abandon their activities in Bangladesh.
(d) Study of reasons for the invitations of IOCs in the 1980’s and 1990’s. (¢) Why did
Petrobangla fail to monitor the operations of IOCs under PSC? Further studies also
require a multidisciplinary approach that involves engineering, geology, economics, law,
environment, and politics.

There are still some bottlenecks for a possible co-evolution in Bangladeshi gas sector.
There is need for developing a common ground among all political parties and
Bangladeshi people. A consensus among them is a crying need for Bangladesh at the
moment. If political parties put aside their differences, they may be able to find a -
common ground. Bangladesh can also follow the example of Bolivia in holding a
referendum to resolve its outstanding disputes concerning natural gas and the internal
divisions over its export to India.

CHAPTER EIGHT: Conclusion

A good example of political difficulties facing the exploration of natural gas in
Bangladesh is the pipeline project by Unocal. In 2001, Unocal proposed to build a
pipeline from Bangladesh to India. But it has not been built. The politicization of this
pipeline project has prevented its construction so far. This thesis showed that SSI
approach was useful in systematically classifying Bangladeshi gas sector’s bottlenecks.
SSI was also helpful for discussing how to overcome bottlenecks in the Bangladeshi gas
sector. There is a need for developing a common understanding among all parties. The
political party in power has the major responsibility. But opposition parties not in power
also have important responsibilities. A strong consensus among them is a crying need
for Bangladesh at the moment. The politicians must place national interests above their
party, and personal interests. There must be a national consensus across political parties
to co-operate with each other on national issues for which a degree of tolerance between
political parties, and politicians with differing views is absolutely necessary. If political
parties put aside their differences and political appreciations they may be able to find a
common ground.
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FKDOHFIX, Ny NNANX—A DNERRIZIIDHEVEEEZ LTI 2do
7-. ECERLZDSBTY, NFEHRICETIFHRIT1 HEIZEET, TORNE
b, BEBB IR R RS ILE > TV 5.
HFEFOHRICERET S L, EROIFELTIE, 18 HEDHFEHEE “‘=
a— b SIFOREIL” LHRRTHLOREN-T-. ZiX, HEFEOEMN==a
— k> (Isaac Newton, 1642-1727) THESLENI-ELTHRRFTHB!. LT, =
2— b LA HERFRIE TSR - B - HERNRE) PRLhBZ L 00,
HNFEFNEELE L TERAIREEEDRWERREINELThHoT-. ERFD
—FT, =a2a— b OTERGZOEFRFEIRE (Philosophiae Naturalis Principia

Vel ziE, mAVAR L o TwonIFE HRAZOREEHE), £2 %,
BHEFAR, b EFEENE, 2006 F (REVIK 1883 F) ;C.C. ¥U 2t— [HFR
BoES], BRXER, 4TTEE, 19714 (EHZ 1960 4) ; Julian B. Barbour, The
Discovery of Dynamics: A Study from a Machian Point of View of the Discovery and the
Structure of Dynamical Theories, Cambridge, 2001.
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Mathematica) | GCAT TV 7]) OFERCEEN, ZORIZEREIN
T HFEOFERPEBBLIIRELL BRoTWEZ LRI bR Eh T /2.
¥, 7790 A mH LT ERETIIEFEET /L M (René Descartes,
1596-1650) DEZENFEN -T2, [TV 7] OBEARENTZLE WS A
HFR—RTHo7122. ZNRFBRRFEVDEBZEZBRV. [T rFeT]
HZEALEDONCEBEINT, LIALBEROAZEOFERLBBLIIRECER
STWEDIZ, BEEBTEDORIZIIANFOEBLHELL-EME LTRERDDL
NV ZLiIzhdnbTHE. ZHEI 7YV oxeT] LBEROAZEDOR
K& “Soyv v Vo 7” BHBHIEERLTVEDTIIRNA D D
FHIThAHRbIE, HHRAFOFEN [FY X7 ] THILLEZEW D @R
WCIREKRZBENREENTWVWD Z LTS,

(7Y oxe7] OHZLBROANFELORZY %o L bEFITHER/ L
DX, BERLHEERZOBFSHE TCEL DEREZELIE MO AL—XTALTHS.
I T7V 7] CHMADZORBNEZ L THRKOMETEL,
—a— hUUBEL AFEREOERBENVTWELTARFFRELE. 0k
IRBFZAETIE, =a— b [PV X7 ] UBROA%SH, LLTKkER
FET5 18 R AFEFOBEBIIFR+ L THEHI LIZRS.

Fy A—XFADHERFREIL, 18 iR H¥E L [EEAH%¥ (rational
mehcanics) | DBETHBERRTHLOTHD. b A—XFTNMLDELEEH
BIAEE, TSMFELERIC, AONCERIAHIZES) &, [ABEUAND
HEOEBIIRFWEHRICE - TEONS] LBERSTONEY. FyL—XF
NORBICHFEEINT, TREToa— b ZRENTWEEELBERITS
MELHRDND LD hotz. 722, Py A—XTFLORELE [BEMNE
DBREVI RFICIIMEARH D Z L bEERISNTE . B2, BFENT
BICEB T2 Tk, EAM - BT REZ Lo 18 HENFMEDOEREL R
ZBRTLES>EWVWHIHDTHAS. HUZ, TAEMNZE] L) HEN 18
HARRITIT—REOTRL, TINVFOEBRERLBRINDZIBNALRHD LEVHID
TH5S.

EHEDRDEZA, HEFHMEIZBWTIIYEOZE-DNRR Y HA TV
EEMBEOSH B VWERICR+5R0OTHS. AHEDOE 3 BEUT CTEEN
WO T5L512, =a— bR [FV 7] THRoEEHBIEIX, F
A=Y, Y7 U=3r (Pierre Varignon, 1654-1722) , I /N> « )L X—A
HIZL > THIREN, Fl-HEREEHERREELHTZ L ICER T,

Pl xi¥, WEM (MEFEL), $1%5, HERME, 19684, 102 H.

3 Clifford Trusdell, “A Program toward Rediscovering the Rational Mechanics of the Age of
Reason,” in Essays in the History of Mechanics, Berlin, 1968, 85-137.

¢ Ibid., 94.

S ziE, HI M. Bos, “Mathematics and Rational Mechanics,” Chap. 8 in G. S. Rousseau
and Roy Porter, ed, The Ferment of Knowledge: Studies in the Historiography of Eighteenth-
Century Science, Cambridge, 1980, 327-355.

S Craig G. Fraser, “Classical Mechanics,” in Companion Encyclopedia of the History and
Philosophy of the Mathematical Sciences, ed. by 1. Grattan-Guiness, New York, 1994, 2:985.
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IDEIRUBEDOZEEBICL D BEENRBEREOEHICERT 52 61F,
HEFEOERBBERE L BEMZ, EEREOHD DL LTHRAT S Z L 1H
BTEDEAH. EENER LI, OIHEROBZEFICETIEEORE
PRBELTELTITSVAORERR T VOEE [N FEDOHESE (La naissance
de la mécanique analytique) | TH5'. ZOEEDOHTTLIL, EFELLTTZTV
REBOFELRRER L AFRZICEL - AANREBEREICEET A2 E
WZEoT, TV oxET7] 6 IR0EZ AL TOHEFRBREL SEMICOHT
LTW3B. 2770, 7VOBRTIE T7Y 37 ] Db 0EBORIZEEN
BoHnTEY, FYUF =V (Evangelista Torricelli, 1608-1647) LR A~ X,
SAT=wY, ANY  _AX—A HIZ Lo TBRIANEFENEZBAWES
ZEHROBEITIZLA EHEDONTVARWE KRR, 7 Lihbleho-7E
AR AW DFEFROBEBEZREICAN, ST Uablerroiz 1720 4
RUBDOHFERFEOREZP LIS EB IR,
WRDOHZEBRFFET “=2— b NFEORIHL” LEBICERINTE =D
X, “HRBOXI” HB VT “HFEBEOR” LWHREATHB?. a3~ -
NP —A DHFEFRIE, T LTIDXS REAOXMIYOIRTEREINT
T, PCTHLLOLLEBINTEEREFE, FA 7= YBRELE [EBA
(vis viva) | EWOHBEDORYUEEZ KD “FEhiwE” ThHhD. Z0HRFTITL,
EHTAWIEICNET D & YEEE X LT\ 2“7 23 [ES) & (quantitas motus) |
THHEZDON FEH] THHIOIREFbN-LEEND. “BhHHESE” kB3
N R — A1, DRICREHREHEERE L AR EhTEED Z5L
T-HEMRIX, INY c _~AX—ARHEPLENBELHEET D DI HERE
PRI OREBEE XS, ThbL, Iany X —A13 [EHE
ROBMEETEI LI L TWEEWIDITTHD. 8, EITHEDZ DL
IREMRITIIERRREL LESS. B 4 EBEUTTONTE LI, any-
NNV =A%, BHREOER EEHERFOERIE ZRBICAVWTHEDOR
FHRELRNTWADTHS. EREH L EHELZFERICFE--TWSZ LT,

7 Michel Blay, La naissance de la mécanique analytique: La science du mouvement au tournant
des XVIF et XVIIF siécles, Paris, 1992.

S UAHEM THRAFEOEE —a—brnb77 50 Va~], BAERME, 1997 £
b, 7 VOBRE L FRRICH ZORBERIEOEFHEZFMTIT 52 LickoT=a— bbb
TP aE TONERRBREZOIT LIZEN-HETHD. 72808, WAD [Hih
ZOFR] b7 VORELRAIL =2a— D[PV X7 ] Z2HERIL TV
W, T7V o371 BN > T KEDO HERFEIZOVTIRIZEA LN O
Ty,

-l xiE, BE MwES¥E], £ 1 %, % 4-5 F ; Thomas Hankins, Science and the
Enlightenment, Oxford, 1985, Chap. 2.

10 7- L %1%, Calolyn Iltis, “The Decline of Cartesianism in Mechanics: the Leibnizian-
Cartesian Debates,” Isis 64 (1973): 358; P. M. Harman, “‘Geometry and Nature’: Leibniz and
Johann Bernoulli’s Theory of Motion,” Centaurus 21 (1977): 1.

"' Giulio Maltese, “Taylor and John Bernoulli on the Vibrating String: Aspects of the Dynamics
of the Continuous Systems at the Beginning of the Eighteenth Century,” Physis 29 (1992):739.
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MBEEZXMLLIZLDERS “EhHRE LWVHIMMATIIEBETERNI LT
H5. IZHrbbLT, HROWETIE, DL RBHREENTREINT
Thhot. “EBHRE LWVWOHORAREZIRETIRY, Tk ) REARNL
RXDEET LEMREICR>TLEIDNOTHS.

NG XE, BHESL2HEETDITA =y VRE=a2— DR
DL PHEET I — P IREDEITEHRDLDEINZHRFLE LTHLIRAONTE
722 “BHRRE BIDXIRMMICELI-E-oniTIE, FA =V E=
2— M EREOWMFEEL 7 55—~ (Samuel Clerke, 1675-1729) & DRI TEHRb &N
ERETHDILEEIND. ZOREFTIINFELHZELOBRIBMELE RoT27®,
BWZELEOMEBZDEFEHEDORIMLEE oI VD). FE, YA XU XD
FEOELIENMBEERAVD I LICRAMLTEY, FiZidwsr—J » (Colin
Maclaurin, 1698-1746) D X 92 “IEH#wE” KSE L TEMESICKI T 550
XEENVEELWEOTHS.

ANV c RAX—ANEDLDTHREOREETHY, —=a—F 2D L
TEIAXY ZADEELLEZBEAMIHRR L TW I LIZIELTHD. LEEN-T,
—RTBE, TN RN~ DHERRLZEMTHEICH, 29 LEKR
%%ﬁnbfﬂwlﬁﬁﬁbnémhbn&w.T&b%,any-&wx—
1%, =a2a—brrbAFY ROZEED L BER - FERIIR L THERE
RISV DT THS. ”T%it,aﬂ/-Nwﬂ—Jwﬁ%H
FIx, HFEBECHABOMNLE VI RRDOF CHEMBIND Z &IZRD. 1203,
CDEIBRRFIIZERZEENRDD. A XV RAOFEHEDL L KEOFEEFENE

MRS LoD, BEMARBBERECIODVTIIHEEIZERE > TV WI A
FRHELLTVWBEDTHS.

HEBHEEORSEL LT “Bhme” LebltEEINTE LD —a—
FrDB| HBREKDRETHD. L, 51 HER &%%#5_1—b/m
LiBEREHEET AT N MREDETERDLENTZHSETHD. HEOERKRA
BE “a— b HFEORITE” ERBRITMNENLTHE, =a2— b D5|hH
HROZRY, NFORRBIZLE-TEERAMRRMG LS. EE, 1EROHERE
TiX, 18 RN FEOEBBRIZFD L > RFETHINTERE. o0, Zh
FTORFTIE, =a— O3 HBERICEKMNTEILIXTHNVMRIZET D
EMLTH Y, TOL I RTFRIIAFOREL L HLIIWEINAIRELDTHD
LENTEREDOTHS.

NV e XYL —A1E, =a—brOJ| BRI T IRELER L
»D, FTHNVMROEFERZETHD LRARRENTEEY. any - AU X—a N

12 7= & 2%, Mary Terrall, The Man Who Flattened the Earth: MAUPERTUIS and the Sciences
in the Enlightenment, Chicago, 2002, 37-41.

B OEERMT THEEE] F1 555 E [HRNZEOER] OFET, N8 o 30 4
RET, 77 A TIX Descartes D BHRED XEHIZZFER Z 55V, Newton DT AN
W2 L T R IEH 2T o72) LTV 5.

Wl 2, BE ME%E], %1%, 102-103 H ; Eric J. Aiton, The Vortex Theory of
Planetary Motions, London, 1972, 214-219, 228-239.
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—a— MO ABERICHHETZ =D L TH D, IV - N X—A
ilﬁOﬁ&1%4$k%§btﬁikk“fﬁn—h/@ﬁﬁﬂ PHLEIL,
FHICKET AIRERBIMEPLDEANREET DLV BEBRERE L.
R, any « _AX—A OEHER Lkﬁéﬂﬁ@ugﬁﬁ%ﬁﬂfét
INY RNV R—A OHEEET NV MIROSTARCEART S Z L IiIxREEC 5.
REGRIIBEONZICBWTERARZFE TR TET LA ZE 2#H-> T
b THLRVWDTHSD. LB T, INY « XANX—A Z2FH) R IEE)
BHEETHD LR TIEROHTEIL, Iy« NAUX—A DHFEFROERE
R F RO TVB AR E.

TUN THFHZEORE] CHEMICOTLIZLDIZ, IAy - ~AX—A1Z
Za— b )V oFeT7] 2FE<EBRL, ZI0OH-LHERELY R
LTRBEETWS., INny - _NX—AIZKBZ0X 5 RHRIT, #EkD &
A XY RERBEBOZEFMOMMERRIZT SR 0IIHFY R Lichs. B
BH) - FEMICHEENZWITO=2— b OAFETHV LR TV AEARE
AIZE-TWNENLTHS. B3 BUTTONMTILIIZ, Iny - _UX—
A D EAHRIBEMREL BRT HBICIE, =a2— P OHFICESET AEARE
RIOFBE-D bR o1-L, —=a— b 2HETIEE-BLOFERED
BBAICBRB LD TH S, LT 120 ERE LU, —=a— b0 [FY
YEET] ICHETAIEECERE, BAREFEAOLIICEL LTKRETER
SN TEEESRER L ZRBCER L THELZMVTWS., &bhiz, 6 &
TR2E91Z, any - AAX—A BEBMFEORETHD [/KkH%¥ (Hydraulica) |
(1742 ) <Tid, EEHBERIHY TS LB (vismotrix) ] DEBENH WD
W3 “NNX—ADEHE” NEHINTWS., #ERORFIEZIX, Iy -
RPN X —AIEIBEEZBICHEE L T RIITTh D, EOESRBREICR
ST, TRNETHEL QWEEIRSE2RT, WhidlF0FETRHRIT KD
2| BEWELWIT RRy 7 RBBIIRLER 2220 THAH. 20X
BT FRy 7 RHFBEEZEIDZZ2RVI EIE, T TORER - FiEagxtr
FARE LRI TIE, Iy « NUX—A OIEREE+DITTE
TEERLTWABEEZLNS.

AFETIE, TNETHEVEAONLRNoT, HAWVTERBEOT IR
STCELINY RN X—A OHBIADFERTE (1724 ENS 1TREZAHET)
EEEBIHOMNBLET S, ETREZE DI, any « X —A DHERE
X, TNETEL LT “FBhHHE” REBER - FEARTEWIBENLHF
BENTEXT., 28, ZOXIRBATIE, INY « NI — A3 FDORENT
fbEWVWHIRT=a— b RIZEL, =a2— O3 HERICKILIZEVS R
TEANPMRICBL, BHRHELELWVWIETIA =y VIRIKBT D LWV
IR LITRoTLED. T LTAMETIX, FiEBAMEL
kb, HEOEEHLRECHERER L OZTOMEICEE LTHOER S
9. NV YL —A B4 FEIZREF LIZRITUTIE, BOHFHT LY
—REFEDOER DRI TH HIENREFEOERZFE > THERELZ®E WD, B
FHEOH LWHFHEEREEN TS, BFETIE, ZOHEREOHF LW
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MEREDL I BRERLLETN, FEHFICL-TEDLS BRI TV
ek BRI LMNCTS. 20X ) REE%28B L THRONFEMTEE S1ES
DORIHALBRITEZ &1L, =a— oD F A T—IZBINFED “T v
Voo” 2RHETZLIZENETHAD.

F2E AN - RULX—1DOEEN - tENER

N RN =1, AL ADEFHEN—BLOBRBREA=I T TR X
JVX—A (Niclaus Bernoulli, 1623-1708) ® 10 F B O-F#t& LT 1667 4 7 A 27
RIZERAELZ. N"—BLDOXLFT PO LEEELEE, VDolZAIROGHT
5E L FEFEOBTICHENEDR, —FEbliz20n ) bR L THmaBEL,
N—BNVRKPBIZAZLE., ZZTHRII RBLEORY— a7 L HFEOHRIZIETA
LTWol., BRFEREELEZRIIRODELZ I > TRKFOEFEHICHEFEL,
1690 FITHREERT 7 ) U — L DHEEFRIL TH LWVMRBUZES < Thlg & 5B
B39 B (Dissertatio De Effervescentia et Fermentatione Nova Hypothesi
fundata) | 2R KL TEZHETIEE (Licentiat) Z2HEL7-. HOMEIIHRL
Y (Giovanni Alfonso Borelli, 1608-1579) Diiivxikir “ERHEFIR” b L <
T “EREEFEIR LIRS RRICBTHHLOT, MEEN - HEHRAEH
K¥EEZEHEDHTWVS.

EFHEKRT LIy - NUX—A1F, 1690 EXNPHHK 8 » AM Y 21—
TIZHEL, TOBRNAVICIERVBELTI1692 ERICN—ENMIRE-TZ. Z
ORI, EFEED=a3F - 77 % (Nicola Fatio de Duillier, 1664-1753), %7
Y AHHEE L THFEEZED~VNLT 522 (Nicolas de Malebranche, 1638-1715),
KIXEH#H D v —= (Giovanni Domenico Cassini, 1625-1712), V7 V=3, &1
v # )L (Guillaume Frangois Antoine de 1‘'Hospital, 1661-1704) 5% < DFELH &
RRTHDIENTE. LI AnbidEBE2%ZT, a2 VORI 4
DAFEHBEL THYELZHI. Z0LEIZINy c AAX—A BEVEH
Mix, RiZe 2 ARE EOOMSEOERE R EBET 572D DER/)
#EYT (Analyse des infiniment petits pour I'intelligence des lignes des courbes)] (1696
F) ZPETIEIFIHEINE.

NRe—B BB LEEHRL, TNAY « U —A(ITA TV L EHER
DLEEDTZ. Ny« RAX—ABFRY—a T LbIiITA T=y U0 [tk
B (Acta eruditorum) ] 372 CIZRER LT-m X2 FES T LI L o THRES O
FIED TV, EEEMEZ2RLTILICL-T, HECHEREZL DLE
WCHE- THAEIEEBEYEZE) ZLIZR> TN 2D THS.

1694 LEIZ I N« XX — A [FIA— BT KFBICE R (HAESC RIS
DEER - fREHIFR723%8 (Dissertatio inauguralis physico-anatomica de motu
musculorum) | Z#H L TEFELELREL, €06 BRIZEEZDZ TV 5.

1691 LUK, NV - NAUX—A1F, BOOHARREZEMNMELETHD M1
YO [EHRE] 8L V0T 72D [%#EF Y ¥ —F /v (Journal des S¢avans) |
ERLICRETHLIICRS TV, IV« N X— A DIERRFFRZENIC
B L7z A ~> R (Christiaan Huygens, 1629-1695) D413 T, I~ -
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RVRX =L FFATF o EDTa—= U 7 REOEEBERBICRET B2 L 2R
S2T-DThHB.

7a—= VU TRINER LRSS LRBEAL CERB SRS LRy,
U, Yy, Aa—=x, ¥ 7 FRXTATLIORETHT I - R
vouA¥N s IV T 4 —IHEAREE LTHX LN, A, 1905 4
WKRY—a7R3RIBEND L, INY AAX—A IBERORXDENEFH LR
NTA—BNLIZEY, Y—a BTV NN— B KEREEIE RS 3] X4k
ST eiZBolz. ERN—BNVRETEBRLZIEDD L, I—0 v SN GEE
HENET oLV

N=PALTDIANY « A=A, FLAFTTOULOH) X 2T LhHKELE
ELY, "—EBAKREDFER (Rector) 2 2EBKEDH DL, ARHEEICHE
bol-. ¥z, Hida—m vy FOEELIBLES EHLEZLOVRY L. FoH
IZi%, F—~VF 21 (Pierre-Louis Moreau de Maupertuis, 1698-1759) 7 L 1
— (Alexis Claude Clairault, 1713-1765) @ X 512, EffiOC) By 7517 Tlifax
BOFTIA—BLDINY « IUX—A ZEESFRTEZEZZ T -ELH T,
FA T —HbN—BLARETINY «c AVX—A IR LB E2ZTT2FED—
ATH5.

NV s RNV X—A [ IFRFEOF T, LIFUIFEFE CWESLERLE.
ENWZAREDEER S TR EBLWHERESE 2B 22, BEIIHFEOHE
Zo TREFFA = MIROHAFLLERRL L. Iy« U X—A OFERIT
BEIZEDIETHRE-72L 9 T, TLR32MET THEEREZED W, #
BELo7-DiX, HIE 1748 1 A1 HTH 5.

E3E ZODOHEWMBREHEINY - RIULX—A DHEHAE (T4 EET)
EXHDINY c RAX—A BBRINFATEFIL, THNVE, mANVR,
SAT=yY b REOHEMLHPITE L TV, F0EITERELZE S DT
HY, EHLOICRR LEAFREOZL b EEGEORELZEF > TV 2.
=l ziE, Iy LR —A P 1691 IR LT BEROERERR, 1696 £
ICHRE L BERE TROBE, B FOEE L &izonTid, AV LA (Galileo
Galilei, 1564-1642) 0B A ~ ZADHENOLHREL I LTWS. F/2, I~V -
YL —A B 1714 FICHIR L EE TROBRHEICET 3 HERICOVTOR
# (Essay d’une nouvelle Theorie de la Manoevre des Vaisseaux) | Ti#m U= 1DE
BERANX, 27 ¥ ¢ (Simon Stevin, 1548-1620) , =-/L'v/ 7 L (Gilles Personne
Roberval, 1602-1675) , —==a—hFY, U7 V=g billo THEINTERZDY

B ZZT0n) ‘I LIk, HHEMEERTIALICE > THASIERSED
NTEERBBROMEDERLERTS. “HEGHR” OBAEHEICHOWTIE, L - o—
v TRZIIEENICEST B, # EB—BR - FHIU5LER, YA R, 1986 4E,
106-107 EDFEH_ABEIC L. 2720, v —F i3 mEENLRRNE~OBDbY 2 &
BT 50, AFETIER LRV, AHFENEE T H01E, Lok ) 28 BFFEXSR)
BED LT (k) THELIDONEWIZLETHS. Thbb, B REREE
DE’ENRY & “BFFRLEHK LFFA TS,
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DEol=. BT, INY - R_RAX—A1FT7 A 7= vV bIRFEROEA
FATWS., I, THNV IR EBERTFOENZBE LI EIZHED,
RANVRZLBDEEHBOERLER T, 74 =y V2L BEIREOR
BALESTWS. F4ETRDIEDIIE, any « _AX—A13Z2 9 LIERE
ERE QW FICERTAMAELZEBRTIZLICRDEDOTHA.

FO—FKT, BiI=a—tbro [PV orFxe7] 2B MOHELTEY,
1699 FELEIZ 7V v X ET] Do RBEEEZ BRI ERERTHL IS
2. N e RRAR—ANELWZEBLEDE, 7V rXET7] %2 BETE
BENTWAEE (F-13F02%) [CHHlT28R2Z T -WEDOEE TH
oz, ZORBEOfREIZIE RESOE “1ER| L RFEE (quadratura) AV S
nTns., ik, EFHFEXEES T2 LICL-oTEBZRDD LWV,
BIT—RBO L RAMBEDRERTHS. 28, FEEMEAVW-Z=2— M Dfif
EXE OO THECTHENOBBE I LICBELY T RTALERD-T-.

CORERIEX, TA TR T s ) ma i oTIA =y VRO
EOZ AW ERED 720, INAY «c RAX—A3ELOHFEE I HIC
HLHED, 171075101345 B OEBFRADOFR L 25 REERLLES &
HSLEMEEZBEA LI-EOHERELLIX 7Y T ~0BOARER
BDHRAEBND. I, Ay« ~AX—A DM [FYV X 7] TS
iz B R RBEREORRCESNRERFETHH- T, [TV 7]
TEROLNEEEOZHRIIRDTWVES. OF DT, KEOHZHTETEI D
THREAMA LT TR, =2a— b [PV o7 "oHERESL
LA LIZDOTH-oT-.

ZOBEHOINY c N —A DIERFRIL, EEEZLHLEER OB
ZMBE L MARBT A LIZIEEF > TWA, RIHICESRY—a 7 il
RO LED-LEEME (EHE) OMED X 5 AR FEtEi
FERHELERV. O ERENERE-HORMEATEBL THBEDER%
RTDIX, 1724 ELREIZRS.

FIE FLEHAEHMROAAEORT
—@RX REBOGEEZRICOVLTORE] (1724 )

B/ 1 ETRELIC, EROFEIZBNT, INY - NAX—ADHFEIZE
ETBBRIZH-oE b LIFLITRIAEINTE 201X “Ehwe” ThsH. £L T,
ANV RN X—A I TA T =y VIROFERHE L LTHRLOOULTE. £D
BIZLIZLIEERENTEX 0N, Iy - UX—A BNEEEBERTEBRALE
1724 E0#H/X TEBEOLEFEANIZOWVWTDFHZE (Discours sur les loix de la
communication du mouvement) ] Tdh 5. ZDFHIIL, NVOEILRZETHT

B EIRITIOEDS 1TREXMTTIT Y VR ETIHE 2 BOPICH HIBFUET T
MOLAEZT-HEOEHZONT, UYrl=oartRbank 20 BOEHTIE, =
ORXOBHANBH4RY R LEREN T WS (Die Briefwechsel von Johann Bernoulli, Bd. 3,
Basel, 1992, 300-508) .
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—H 1724 L 1726 FIZRE L ZBERE~DOREL LT7 7V AETHES
Nz, ZOWMBIX T4 FIITKRALRY, TEOHIANY - X —A BB L
BMEICRET B R E M- T 1726 FOBRERBEICHEOISE LIZBIC b REZRL
bon, I(FERIEFEBTHD) LFHMEIN, RA7HT I —BZERILEIL
8’)7" FZE7#CE (Recueil des Piéces) ] 121N Hiiz.

RMXHA MVizhHD EEDOMLEER” (communication du mouvement) &\
'Fﬁ?&li, MK OERER ZBERTHIHLOTHD. HRITZDHET, —HoD
WEOEBREOMZIZE N TKROD~QDBEFRMKTEEE2D. Thbb,
BENENEN A, BOZOOMEDOERRIOEES a, b & L, BHREOHEE
x, y15L,

@ a-b=y-x
@ Aa+Bb= Ax+ By
@  Aa® +Bb® = Ax* + By?

LW, ZO0DERVBEYVIIDEWVIDTHD. HiIIzhEEnFhn, OFEX
HEDORTE, @ “MEOE” (quantité de direction) DIRTE, QIESHDRTE, &
5. BEOEETHZIT, Ol F—HEEOREH, OIESEEFEDEL]
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Johann Bernoulli’s Research on Mechanics:
Reexamination and Reevaluation in 18" Century Mechanics

NOZAWA, Satoshi
Abstract

This thesis is aiming at studying a “Missing Link™ in history of mechanics at the
beginning of the 18th century. In a traditional view, many historians have claimed that
Newton established the foundation of mechanics. But Truesdell, who was a former
editor of Leonhardi Euleri Opera Omnia, proposed an alternative and excellent view.
He argued that classical mechanics started with Euler’s formation of the equation of
motion. However, from this point of view, the gap between Newton’s mechanics and
Euler’s seems considerably large. My dissertation is an attempt to fill the gap by
reexamining Johann Bernoulli’s research on mechanics.

While Johann Bernoulli is a well-known and highly appreciated mathematician,
his research on mechanics have been studied little. It is partly because his mechanics
has been regarded as an inconsistent aggregation of Newtonian, Leibnizian and
Cartesian physics. This study is to show that Johann Bernoulli stood between Newton
and Euler, and that Johann’s research connected Newton’s mechanics and Euler’s by
focusing on Johann Bernoulli’s neglected works on mechanics after 1724.

Johann Bernoulli presented a new approach to solve mechanical problems; using
both the conservation of momentum and the conservation of living forces in his
“Discours sur les loix de la communication du mouvement” (1724). This new approach
was modified in his later works. He solved one problem in two ways and published
them together; (1) the solution using the conservation of living forces and (2) the
solution using Newton’s second law of motion.

In an article issued in 1735, the relation between two solutions became clearer.
He treated the conservation of living forces as a heuristics and Newton’s second law of
motion as a fundamental law of mechanics. As a result, compatibility of the two laws
(i.e., the conservation of living forces and Newton’s second law of motion) was
established. Such an understanding of these laws is quite different from the traditional
view that the one was derived from the other.

In traditional history of science, it has been believed analytical mechanics
emerged as a result of applying calculus to Newton’s Principia. But in reality, the
formation process of analytical mechanics was quite different from the traditional view.
It was formed by embedding Newton’s Principia to Continental tradition of mechanics.
Johann succeeded both Continental tradition and Newton’s, and merged them in one.
Johann’s importance was recognized by his successors. It is well-known that Euler
highly praised Johann’s solutions in “Hydraulica” (1742) which used Newton’s second
law of motion and that Euler formulated the equation of motion as “un nouveau principe
de mecanique” in 1750. On the other hand, Johann’s son Daniel and d’Alembert
recognized the importance of the conservation of living forces.
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