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BB FREERMOEELTRENIIL LY - YO EHR

AR R

1. IXLHIC

20 RO B FROBRIIX, DEREOKERERRTHY, TOBREDS
WiIYBEZETO L - L b EERHERED—DOTHD. £ Tk, ~INbr-
Yo U L4 ST Dh 2 ERERICE T RFENFECRSLHROED
NTWZ i< abh T3, FEFROTBRICKESFLL, %<
DIFEEICHE% RIF L7z Arnold Sommerfeld (1858-1951) i, 1919 &b R
FHEE L AT FAR] OFRET, THEDAINV Y - YaEDFERX, KEH
ZOBBROBEFENLRREGOMNERTHY, WETIBEEI TIZLAELELLT
WMo LEVHL, CoFERERLTY 3.0 SETFROFRLE
DTV =DIZIEIEANAIN Y - PaLBROBEBRARTHD, LWVIRHEIC
o TDHLDTHAH. Lo T, BEFROTARBBOMREIZIX, ZOEREL
EOEHTORBERESKERVENZ LS.

NAINDPY - FarBRICIIIZIIEIRERBEENTWEE, EOFFIL,
EBHBERY, HA¥2TIAE—, (q,...,0) LEEAOME, (p1,...,p.) BE
BEL LT, EEFERLHRIN D EHSHFERXR

dg; _ OH dp; 0H

dat Op;’ dt = T 8g;’ (1)
TEMN, THIHS RMaHEX
as aS as
E"'H(t)ql""aqn’ a_qlvgq:)—ot (2)

LOBREERE LML, BRSEDLNTW ZETHAS. Zhik, William
Rowan Hamilton (1805-1865) A3 1834-35 4£iC Z DERRDFEI LR L TUK, &
ADOEREBIZWEBZET—BLTWAZ LT, "IN by - FabBREBRES
BEXF Lo TE V. D1 BEIERHRESFER (2) 11, RO LS LT35ER
DfE S REESINLRVWEWVWIRBRERHIN, DX 5RFA4 TORKYFHE
RENINIY - FabrFHFRRALFRATWS, HEHLREWREZHIRL, H 25
(@1y-+Gn P1y- -+ »Pny t) IHKTFT DL A2 LT, ZOEREMRICEKZENR
BADPBRMLEDZ LY Jacobi AR EINTEY, EEFBRRIHES REECHE
BROMERENEREINTE . ThoDWEIX, EBEFERZEBRTS, E
BER LT AERICL > TRBEINDZ EBE . NIV b UBEHEFETHh
5 H RPEREEHRICEYLRB®R ST 2ELNT, ZOFBRBIVANARHHER
ERBETHIENTED. HHIYEINEREFERATERTCEINT, FORIIK
ZFRREEMCHE PN RIS T 2B RMEELZFE-oTNS, LINH T E
2723,

* SHAEEZ email: michiyo.nakane@nifty.com
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Lo, EEFERX (1) 13, ToRERo T E, JOEEOROBEKRELERYT
WO FBRICERTIZ LN TED. FETHRLFINSG ZOBEICEY, B
CEPNCEEFRARLEEERHL, O3 EEFRABAFOREZFOZ LI
725, bL, HHYERIIKLT, MERLESHEL Y LEYICEDOROKEL
RITIEERHY, TNPEHEEBICTR2DZ20THNIL, KEHE L <&ERIED.
BB T3R8V T, Karl Schwarzschild (1873 - 1916)® & Paul Epstein (1871
-1939)W RWA LEER-AEBIITOL > REKE ThoT-. TLT, EA-A
EHL WO EEEEBREAINEER, AHND 2V ESERPN2RICIRTS
BFROBERNAIN Y - PabtOFELEEMTOND L IR0, Max
Jammer iX [BFHEHR] 0h T, Hamilton DFEE VI DN E L TEFH
ZRRBEZE I EDICLIDLI XK NELDTHEINDE DR XD DIL,
BOOHEIZLZDTHS) LFMELTL 5.0

DX AP REREEZEL DY, EEEROBRPHILTVND D
LBRAFIKRTHD. Jammer OFMEIZ L= 21T, FHEEBROBESZEINLF
v - YarBRIVBEFR LD TV L TCORERNRERD—D L Vo
THBETHEHARY. TOEEERLEWVIEBZFIL, WO, FOXSIZLTHT
EX1=DIEH I H.

Schwarzschild X° Epstein ZiXU% & T2 RERTFRICH Lo THREE LD
X, E¥EHBEI/R LS L%, Carl V. L. Charlier (1862-1934) NEF & [KDH
2] #3ALTWY 5.9 19 #R%E, NIV Y - Y CERALo & HEE
BIZEDLN T DI EREHZEOGHF Thot-0d, EEEHOMEBR b E, =
DHBTCEENTELTFRENS. LL, FHEHEOBHIXITLA EHES
NTVRY., PIEHBEICL > TR LB IONETLONY, BT
TWRWEBETHD. £ZC, 4ENIL, Henri Poincaré (1854-1912) ® [X#&H
2OHLWFE] CORRERRT S Eabisn T . 19RO R K
HEOERB L BNZEZZDEELBTIE, 19 HERKICEOBREOEMMN 2 &
NTWEIBREBTE 305 Ths. LT, ZZCRBICR-TWS, EEE
BENINDPY X abrtHTERRAOELBERBUDTIREENR LD L S IR SH
TV DESITLTNL. FOBRBICBWT, YBOXEHEOE—-AETHD
Poincaré MIEHEEBA~DHEN L OBREDKETH =02 FET 5. £L T,
Charlier 7% Poincaré DFED LT L=FEE2BH LT+ 5. Charlier DRLE
NEEBNRENNE, Schwarzschild o OMAIMEIA SR Y, BIMIEFR
DR EWRLD O 2 TH, BERRBABRITLBES).

2. Poincaré [X&EHZEOHFLWAE] ITHITHEEER
2-1 Poincaré [2& % TJacobi OEE

Poincaré I, 1892 fFICHRR L7 TREEAZFDHF LV k] OBET, EghrEX
Z 2HEMIFTREADPOEERICELICEEI BRI TV D, ROBE, REREEX
TWADT, B H idt ZBICa$ Y, BAONE L EHE (¢1,.--, 0. P1y-- - Pn)
DHEFEL TS, LR, BBICIRFELRVAINL b B E R OEEFBEREY
(1-0), ZRUITHEI NIV Py -Fa b HERRE (2-b) LEZ 5. 728, Poincaré
ZIILDHELT, FRXTLYHITFIHEEBEVAVWERSL, £BELED



R FRBARMOELTRENI VLY - YO EER

Thd. HRERELILEDSDYD, FRILTIT, %‘%%Tﬁhfﬁb\ﬁlﬁk“ﬂﬁ
EH—L7ES5XT, BoORREBNTHILIZTS.

KEHFE L LTOMP 2 ST LT- 1890 F33C T, Poincaré i%, IE#EFER
REAL, WOobDEEERALMICLTE 2.0 toFARFEAZ-BLT
AWTRIEZ R L TV IZH =Y, Poincaré ITZhE THLN TV -IEREFE
KiIChPDIEEEBNATEZ b LHED 5.

¥, Poincaré I¥ lJacobi D% 1 EHE| L#HLT, FERX (1 -0d) O—KME
, CAUCHEI ALY - Yo EHBROEEM S = S(an .-, gni hrs-- -+ hn)
(h1y- .-, he IEEER) 2RD

§§=pi (7:=11---,'n/) a—S=h;, (j=2,...,n) aS—t-i—h (3)

oh; ohy
LB LIV EXDLNAZLERATET. 22T, A,k 3HICHE
ALT-HEBERTHD. h LHBINTILEE, FovaDiEEE 27D Tho
T, h; ZBERMS L2 O TRV, EEFBRE WV I RS FERXR R
AHBRRITRET D HHEIL, 1842-43 FiZ R S iz Carl G. Jacobi(1804-1851) D
FH%ssl S0 RcEMNORSATN 5.9

Z DREEY 2 RIEICHE T Poincaré NEE L Ex L EEFBEXNOMEIL, E
%E&T‘&)OTC &Gi, %ﬁ S = S(pl,...,p,,;hl,...,h,,) ‘:*j'l./, lﬁﬁﬁ
(g1 -1 @n;P1y - - -, Pn) DOFTEE (R, ..., hn; by, ..., b)) OFEEHS

as , 8S
“= o "= o,
EWIHBMRTEZRIND 2T, HLOWEKLBEE H(hy,..., ko h),.. ., AL) I
DOWTEHREEFBREHT-TZ L% [Jacobi DE2FEH] LLTHRALTND
LT, EEEROFIL L TEREREY Tk, —RORKACEY, S »
(ql:“')Qn;hl"-whn) o)gﬁ__@’ ﬁ%ﬂ
_95 g 95
pi= ogi’ ' Ok
BHREINDIRBIE, R BEENCFEE~DEREEBRNERTEHL LT
V3. Poincaré iZ LiE, Jacobi A hZE/RLEZZ LiZ/o T3,

Poincaré iX, BI% S oW T bR~ Titniz 1».0Y UL, MJacobi DF
1EH)] TRMIFER (2-0) OELEE S LEVTWDIOEND, IE2E
H| TDOSHBEDIOIRXEBEXDIZIONBRTHAH. EBE, <HICARD LS
{2, Poincaré i, EEVHFERROEERIZHES NIV by - ¥ a bt HFERROELE
EROTEEL#HEL, MAX—ERICIIEEROSFBRZENTVS.

AN, E2EHBICHET D Jacobi BEH DML, Poincaré D HD &R

t Jacobi iZ, REREZEOIBICTIE, TORDETRIVX—FHEEERD—HLHRL, ThE
MOEEEH LKL THE-TWS., T2 Tit by BT IAR—ZHIELTHY, Jacobi it (3)
ROFEIRICHYT IR EZ LT RIAF — L WO MHE R FE-THEEXHL TV

(4-a)

(4-1)
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PRI -TWA. Jacobi i 1838 &L T, EBEEHRIIHIDLIERZIBRRT.
Z LT 1890 ER AT SN BE “FWHRIZOVT' ORMNT, ZOERDIEH
REZHERATV 3.0 “hoDEEOFTRRON TV ERL T, By =
Y(P1,-- - Pni By, .-, L) DRI

% _ _. _% _
2w m-g (5-a)
LS BRI ERERA &R Sh, (1-b)Rid
dhi _OH dh, _ 8H 5-1)

dt ~ 8h dt  oh

LEHREIND, LRoTN3S.

FEHINT Jacobi IXZ DEET, EREEBREY L6 TEERERIZOVTHRRTY
%. L2L, Jacobi HEDEHE L Poincaré D5 [Jacobi D 2 EH) IR L
LOLREVREY. RBELIKERETTHID, SHEOHZEOHEBED
BEHIRbY, EEFBRX () HEAIVIE Q-0 BT, ¢ LRALEEZE
T ERLEE, p, LRLEAFZEIVOZEHEBLFSZLICLEY. T,
Poinacaré IZ£ % (4 —a) BL U (4-b) & Jacobi D (5 —a) REHLBE L THD
L, (5-a)NiTIXBERE L BEBROBREZRTRICVA T ADHFZHRONT
%38, Poincaré M ¥ DIZiX72VY. Lb, Jacobi TIRIEHRAZFIXE I T v
2, REBELFEHE (..., b, b)) OBEERDIZH L, Poincaré O
BEE, S BYUIIIIBEBRE & FERE (p1,...,00 0, ..., hy) OBIEK, BMEIC
IXIREEAE L FTEAE (q1,...,Gn; By oo hn) DBAERICZAR STV D, F 2, Jacobi A
(1-b) 2EBERLEHOFER (5-0) Z-RLTWADIZRIL, Poincaré ix—
BERFEIIR LT, BREDOEEFBRERL TV,

IVHEERORERZOESBI TR v OERBORBWTHS. Jacobi 1%, ¢
IXIREEE L FESHROBBTHIULD I LEE TR, {KIZ, ¥ IR
BELHBEOBERGIE, HDHWVE, "INVbYy - FabrFERROTLME S =
S(q1,--,qn; h1y-- -, hy) & DBIRE Jacobi BV DOV b LvRWAS, EBRIC
X% D o TV, LA Jacobi iX, ZOEBOFETINIY - ¥l
FBRADZELMIZOVWTHR LD L E, Tz W LRSS, EEEK v LHRk
WICEBILTWS. Jacobi i, HWERLHLWEHENHIBHICL>T (5-0a)
RTHUDIT N0 51T, TOEEERIIFEXOEER RO L2 ER
LTWBEFROTHD. TOBEERNINVLY - Pabr FRADZLMETHS,
LIIE-oTWRVL, FOBBE RO TEELHBELHIRL THWARY. Tibb,
NIN P arFRXNEZBOCEEEHRY RO1TTL 5 L) DI, Poincaré
BEODRRLARIZ D2/

Jacobi DEBRDIBA &5 TIEBA %1}, Poincaré i3¥« LRk ZED
T, 20T, EBHFRRO—B#EL 523 3) XL EELKFOBEE
Ex% (4b) AREbOTELLEbOKAZ->TWAZ L RTEND L, HER
BARIZ, Jacobi BNIN Py - YA v HBRROTLMBNERERLF|EEZT L
DOEFRIZEL, LLTLE S 5. Poincaré BANDER %L H - T, Jacobi



AR FRBRMOELERENIL LY - YO EER

DRERZEZBIT-O», TNELEICIIDIRLRFT LR « I AROMNTZ
NEZTORR TIIHPTTE RV, LAL, &iThl, ~INbr - FarFER
CFEEBBBEBRSITIONTLE-=DTHS.

2-2 FAR—ZERICLIEEFBEXOHH

Poincaré i¥ Jacobi D% 777 —BEICEA L, BEVWHFEHIRTSH. i
T, BELEEAPLOEDLYZ2EE M OEANEBLTWE L, TDE
g%

P} +pi+1} 2M
H= - (*)
2 V& + @ +d
LTOHBE6 DERSFBRNTRRLEZ. 20 H 2F >EEFEBRE (1-¢) &
L&), EEFBRXN(1-o)ilEININVIY - Yabr TR 2EE, £EER
’&Eﬁ&t%&ﬂ‘é Z <‘: ‘:J: O, &‘i%mﬁéﬁE S = S(ql,Q2,Q3,G,9,L) .’:%
L 7.%2 [Jacobi DH1EHEI 12k b, (1-c) D—RIEL
oS . oS aS oS

pi=a_qi(z=1a273)’ l=a_L? g=5.é’ 0=%’ (6)

L3,
Poincaré 1X, Z Z CEI-EEEELIXEHFETEEMIELN LKL L
TEHSITIbNB L L, a, e i TBMERRTHEAEOE, BELR, BUEDOHE

#ALTBHL
L=+V@a, G=\la(l1-€?), ©=Gcosi,

LY, 0 IXARKORE, g+0 ILERBIE, | ZEHEABAL LB L%
ML= BEDZ, ¥7T7—RIfE% [Jacobi D1 EE) THREE, TITRETS
EEERICZ DX 5 Ek% 5% 5 Z LI, Francois Tisserand (1845 - 1896) 2
X 2YRDFEEALRERE [RENFE] (£4%) H1EESEF A ETHRE
h T 5. Poincaré &4, BRRBENL ThHoDRESS.
- RIT Poincaré I%, H BB RN —LRT VRV =V(a,---,an)
D> H{EEEXD. Hix, HEX (6) IHEBL, HOVI LIZAD [Ja-
cobi D2 EH) 2LV, LICHTE:, BEFELFEDHROH MK S =
S(leq%q& Gaevl’) ’ Ttﬁb% /\‘:/I/ }‘~\/ . "\’:' E’fiﬁiﬁ@%éﬁgﬁilﬁgﬁ
(91,92, 93,1, p2,p3) D>HOFEEK (9,0,1, G,0,L) ~DEEEREF|IEEZTLL
7e. EDOHE, BHE6 DEHEFEXIX

dG _ 8H d© _ 9H dL _ 0H
A R A
(D)
dg 8H d§ 9H d _8H
dt 060G’ dt 00’ dt oL
IREShDZ LiZed. Z0FERIL, 18604, Charles Delaunay (1816-1872)
WA OEBE RS ZBICEA LSO TH 5. 4 A CIIERELK g, 0, |, G,
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O, L % FuXx—EHEMEATH 5.09

Delaunay i3Z DHFBR%EZ, WbWwd=a— b HEANOEBELZE TV,
Tisserand DEHEETH, FROBADHEFI BN L O TWD. E¥EEHRELEZXD
B BARRISRT Z LICL Y, (¢,p) ZEEL T2EBSEX (1-0) LHE
R (D) Z BRI TR L= DiL, Poincaré DEETHo7-. LT, (D) Rid,
Poincaré 23ME— R LI=EBREOFEXNTH 5.

LRSI SR THES, bEOEEFBERIIHETEINNINVEY -T2
EHBRRDOBTHDZ LIZESW-DIX, #EMIZ Poincaré DERTHD. L
L, & Jacobi DFERZ MRV EENIHIA LZHOT, EiFFEAI AT
V. I TRHoTH, ERHWEEESFERX (D) IFELV. Tk 5 ikE
IodhoT, {TEHE-7-7-HTH A5 D, Poincaré IININ My FabFREAL
EHEEBROBRICOVWTOBRE - T—EfTLEY5. LT, F¥ELTHLE X
655&&?}3 Ny - Fabr FEXOBFRIE, 2WEOFTHRHIND Z ik
otz

3. Charlier O R

Poincaré DI MITILEL L TKRERIELTEY, LTCRE-DIXZFDO—FIIZY
X72\\. Poincaré DR REXEHL TRM LI FAVEBICLZEHE, LnwWwHZ
TIEL FHENT-DH Charlier ® [XDHZE] Thot=. EBIZ Poincaré & 35E
L, #DOEEL < %177 Charlier THoD, ZD2EEXDE1ERNLE2
BFIZHNTTD [Jacobi D1 ER] ICX A EHEFBAOEEICZERT HRBRITIT,
Poincaré 233858 L2 o mEENE VAT TV,

—RRICRE D FBRREZEL Z L IXEWMR TR R2M Z L I DB LV,
AIN PV a b FERABERSBEFICREIASIZRT 5, £\ 5 DD Jacobi
DEWIE o7, T ik 1T T Paul Stickel (1862-1919) iX 1891 A5 1901 4
AT, "INby - Fab FRAPEESETXE L) RROEHIIZE
A THZZLEEAL, ZOXIBRFROEFEZEENICEZ TN EDOTH
%."Charlier iX, £< DHPE, REHFETH O EBIIZERPOICLD LD
ZLIZEB L, Stickel RS EEBEIZE, BHIXZNICEEREEZMX
RROHERTED TS, ZhiX Poincaré IZIZRONARVVEETHB.

EETBIZOVTIEINR VBRIV EATR, [ROoh%¥] E28E11ETHL
b T3, Charlier i Poincaré B4, 1890 ££ IZ Jacobi AR L7-EREZEY
FEFB. IUTDL 57 EB% Jacobi BEBAL TVW3] & LoD, Charlier i3%
T, MU TS IBERENREELIT2o7. T72bb, EEFER(1-0)I
* LT, B Y(qr,. ., qn; h1y- .., hn) BHY,

as , aS
Di = qu’ hi - ah,', (7)
LW BIREZRTTROIE, IBEEK (91, ,Gn;P1y- - - Pn) DOFEE (ha, ... by
By, ... h) ~EEERIEEREED, (1-b)RL, (5-b) RicEHRENDB, &
W) EEA Jacobi B _7=E LTWBHDTHB.
Jacobi IXIREBE & FrEB B DRSS, Charlier iXIAMEE L FEEOBEEKE2E
WAB|XBITEEE LTELZTWA. AL, ICharlier 12X % Jacobi DEH]
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iX, Jacobi HEDEEMDIEA L ITIEFEERIC, BB TIHFRNLBEYIIEERCEE
EHTHETEZ LI, Charlier BFEEEAL TW3. 8% 6 < Charlier 1%, »
INLY - abrt FRAOELME L EEEROBGRE [FLVHE] »oRRE
nNT, ZOXH Ky 2Ly, ZThidibiz(5-a)R% (7) RIKEELEZD
THA).

% LT, Charlier X, H 8t ZBICEATHWBIEEFER (1) IOV TH
LTW3., Zorx, EHZFIEZEI TR ¢t ITLEKE, Thbb ¢y =
Y(q1,- s b1, hayt) ETRBD, THBBRR (7) 2 EIE, EEFEX
(1) i,

dhy OR dh, _ OR L
@ oR At ok R_H+6t (8)
WWE#HEINSZ L%, Charlier iRV BARKXEZEYITHO LTV Z LIZEY
SER L7z, Jacobi IXBI%K ¢ A% ¢ (KT BBA R RS TVARVND, BEAMICE
DEHIT Charlier HEOFIZ L 3HETH .19
3| & #i\ T Charlier I3,

oS oS as
H(t7q11---aQ1n'a_ql')""6_q';)+E_0’ (9)
DEERE S =S(q1,- @ b1y - ooy hny t) B3
s ., 85,
pi a_q," h’i ——EE(z- 1,--'7"') (10)

L ZEizky, EEFBK (1) OREEXDZ LE2BMTD. h,... b 1T
RS FRAOTLMEE XD L EICHASNEERERTHY, h,..., ¢, 1T,
EEFBROMEE XD L ZIIHCHEASNEERER THS. LML
LBy, RROBED lJacobi D 1 EH) X [KOAHZ] %1% T TIZER
BATWVWAN, £ZTiX(10) REFE2RITHYTHRUZ, v TREFFITOVTWY
Bhole. LI L, KIMEEERTHIND, YA TARZEELOTTHEERDE
2R D bDTIXARYV. Charlier X DEBREZBFERRLZOIX, ZoZ i
BET270THAS. £LT, ThboDEEEREFEREONE L EBE L 72
¥iX, "INbr - YavrFBRROELE S BIEEE (¢1,--- 10, P1y- -, Pn) B
LFE (b,  hay By . .. BL) ~DOEHEEWE 5 2 TV Z &% Charlier (348
i L7-=. Poincaré DFER LI-BHRIIKH L LTIXEL»2DTHS.

Charlier IXZ OFEBEEE->T, ROX I ICEEEREZTH. EEHFERX (1) I
LT, NIV H BEERZBICE VWX ) @B Esh 252 5.
TR TENAIN Y - Fa b FERAB XG0

" v avy v
1 ql’“.,qn’a(h’”',aqn 8t -
LB, ZITW IRt LIS OEEBETHIND, Zhix X C=H
DfFLTHL, n BOEBEEE o1,...,an ELT W(q,...,qn1,...,05) &

0, V=-Ct+W (11)
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15 B CHaoy,...,a, DBEF LD, & T, 1) RTRENEV &Y
xRS d 3 ERESERADOMKIT

ov av
5; = Di a_a, = _ﬂia (12)

LB, Thb bR
ow oW _ ac

—=p, —=——1t-
8q,~ b 3(1{ 60(5

BELND. Wit IEKELRVEKE LTHEAINES, (1) RFE 2B
BRHBEDTLICHEETILARTILLTES. B W »oEELHIE
v, EBEHFEX (1)1

da;_aH dcp;__a_H o ac ]
E_&pg’ dt  Oa (‘Pz— t+ﬂz)’

Ba,-
EVWOHITEBREINS.

Charlier X, ¥#EX TWAEBDBEHMEBHEB L 25201, oDt D
REAZEBHORMOYEL LNDZLERLE. ZOZLIZEY, ¢ XFEHER
BERIZHAUTAIER LRI LW RENTZDTHD. ZDiBfE T Charlier I3E 7=,
o; BEGATAESORNOELNIEH L ITBE BRI LNDBZ LERLE. =
5LT, EEFERX )L (01,..- 0niél,..., &) 2EHETIEESFBRCE
]I ONBZ LIS, AHNER 2R T OIEHE DO WWEESEREEIC
29 53z L, Charlier DXkE72FE R Tdho7-. Schwarzschild iX Charlier A3
BALEFLOWEEEEHLOERZE TER- AR LW OIBMEZBEL, v a¥
NI BBEOBBINERII L7 Z L%, Schwarzschild @ 1916 £ D3| FH b BT
FBRIENTES. TNZZTEFHRBAKEYERT 201089 T, LMrbIEES
BRX2EBRTIEHE-DOTHS.

B| % #%% Charlier X, BEAMNREBEICH T2 EHEERIPEZEL TV, 0@
BTq%p OBRLBIATVWAEFRRDHS. 29 LEEBEETHIL, ~INE
VEBOFIZ Lo TiX, BEETIIRL RESHROEKL FHEEH L E X 5B
LLEE) BEEBVVWEELH DB Z LITE SV Bbhd. %2 T Charlier
i3, RESELFESHEOREM TCERE E X/ Jacobi DEFDERZREL, B
FoLl BELEBE T4 >OMABEDLEEZEZT-DOTHAH. Charlier B H5iE
LTWA LS, EHEHFBRRIL ¢, p; IOV TEo7= L JHHTIIRVY. LaL,
Jacobi ® 1890 FERLTHIAZBRTIZ LicLy, EREZEZX KL TN
WKESFEEOEROLEF OBKRE, HIIBRITRTI LN TERLERLN
%. Charlier I3Z#% 5.3 2L FOLBERLT IXOH%] E7EE 15
DL o=, FRIZIBEECTORES ¢, BEIRE p;, THREDEES b,
EEIEY Al LT5L, BRE 5 X HBEHN

05, a5,
& ip =1 = ——
() IBHEE & HEEROB 5, OBE pi= 50, K=

Bi, (13)

(14)
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(1) IBEEHE & FHEBR OB S, DBE : p; = g_? b= %
(I1) [EE R & FEEOR S; PHE : = _‘Z_ié, = _%
(IV) IBESR L FES RO S, DBE : ¢ = _g_?, = gi?

LB X O REEERIIERER LIRS, LWVWHZLETHS.

Jacobi BSTEBI L7=0iE, (IV) D%4, Charlier 23% L7203 (1) DHA TH
%. Poincaré BRRLEERZEZTEROELLHWTH L, HITET, S
DBEEAZRETENT, LIHHZ L2 S DBAKREKBLTWS. LT, K
BER (D) ZEL LEIZEXTVEDIX S, DBEATHS. S IKHLTEBLIE, (6)
X CED ONEEHERIIFENICEBEERIIRDZ Z EHX0ONDHD, ZDEIDOE
AT DWW TiX, Poincaré iXEHEX 7-BRZRRL TV 5.

ThhoH SN b DX, Poincaré 13, IEHELHIZIVTHEE L EBIEDRY
MXABZERIVMPBZEINZE T EBBEL VWIS ETHD. #HH
Jacobi DHEDRELZMEXTEXIAT, TORE, "INVEr - PatrHiE
ROZLMBPERLTHREYEZ D LEZRA LD, HDHWVE, BECHELZL
TW3 ) HIZZOBMRIZKRSE, FHIZH D X 91 Jacobi DEREEEE M7
DOITHIHRV. WThICE LIE, Jacobi DREREZHEDVNE S ITHEITL,
TTIRHMLNTWAERNL O LD #AbEBIHT (D) REE VL LIER
LRV DTHS. Poincaré BESDERICKT BHAAZEZ DT HZ LB TERL
THYURTHAH. Poincaré DEBPT-FHFELLo=nbEITEE LILRX
ROVREZEMNL, BREEIIANAINV IS - Pab FERRA L EEEREZFEUOTE
DX Charlier Tdh-o7-. '

4. BhYIC

S BDOHFEOHBETIX, EWERLENAINV Y - PabFBERZHEUCHTS
EEDRIEIZIT Jacobi DARBHIT H 5 Z L A%V . Niels Bohr(1885-1962)
H ¥ 7=, Charlier Z3|HAL TIIWALDD, FTIZ Jacobi A= DEMER#FRIHE L T
WD L 5 RS 52 38R %2 LTV 5.8 F7-, Morris Klein 13, H47%
HELBFOBREDLNT, Jacobi iE, ~NIN I YabFBRRXEZBOTE
BEERA B FEZRFLEE LTV 3. $ 524, Jacobi dARMIC, ZH5E
HEERITH-7. ) Lal, KUSILE S Thotb, =& XiF Poincaré B E
TRELIRRBREZFIEEZ T LIEFEBXIZC V. LM >T, Delaunay i 1860
FIZ (i, ) 2EHR L THEHERS L EB RN 2 EEER L THEX (D) &
B bvworz, 19 koS CEEEROBRPIER LI-E LTRENRT
W3 XD REBEENRERCRVIALL, TRTERMNOKBEHE LWL,

BHHIC, AR TFROARE-BN, NIV - YabrBREADICEST
Wzt FOLEDAINIY - FarEBLIZT—EALZEKRLTY
DDEAID. FRT—HEREZLIIZ, BEFRBTERINDIEFHONINV Y -
¥ 2 v'##®%iX, Hamilton <° Jacobi DEEND, KEERL TWAREMELRD
5. 19REEITICHEOBRR LHRIL, TORLEDL S RERZE CATIERTF
RICEATEAKEICETIZRS TV =DM, NIN Py - FabBEROES
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(2) W.R. Hamilton, “On a General Method in Dynamics,” Philosophical Trans-
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10



WMEFRGARMOEEERENSL LY - YO EERR

LB L 5 2, EEFER (1) KT B3I kY - Fa e FRR
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A7 t=n(t+H)
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The Introduction of the Canonical Transformation to the
Hamilton-Jacobi Theory at the Beginning of Twentieth
Century

NAKANE, Michiyo

Abstract:

The so-called Hamilton-Jacobi theory offered an effective mathematical technique
to explain quantum phenomena. In this respect, it played an important role in
the development of the old quantum theory. Schwarzshild’s introduction of the
action-angular variables in 1916 suggests that the application of the Hamilton-
Jacobi theory to the new theory would not have succeeded without the notion of
the canonical transformation. This paper examines how the canonical transfor-
mation was discussed in celestial mechanics just before the old quantum theory
began to be constructed. '

In the first volume of Les méthodes nouvelles de la mécanique céleste published
in 1892, Poincaré discussed how a canonical transformation can be associated with
a complete solution of the Hamilton-Jacobi equation using his modified version
of Jacobi’s theorem. He used his original method about the canonical transfor-
mation. Then, he derived Delaunay’s equations from Hamilton’s equations of
motion. But Poincaré made mathematical mistakes in his discussion.

Noting Poincaré’s results, Charlier finally succeeded in establishing the rela-
tion between the canonical transformation and the Hamilton-Jacobi equation in
his second volume of Die Mechanik des Himmels published in 1907. Through
canonical transformations, Charlier demonstrated a proto-type of angular vari-
ables, commonly used in celestial mechanics, become the so-called canonical vari-
ables. Schwarzshild referred to this result and constructed the action- angular
variables that were effectively used in his explanation of Stark effect.

We tend to think that the theory of canonical transformations was established
by Jacobi. He actually developed the idea for this theory in the first half of the
nineteenth century. But it was Poincaré and Charlier who made Jacobi’s theory
applicable to the old quantum theory. '
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ANY * RYX— DARBRICEITS
“‘GRERI” & “EER”

PEMRE HIRE

ECHIC

I+ RV X —A (Johann Bernoulli, 1667-1748)i%, ¥%¥: & HFEDHHFTEL
DEBEPETZETHD. HOMRDI L, HWHESZPLETIEFEROS
BG4 2B TbFEE N T =0, Zhicst LT, H¥ETIHFseE
DA TR+ TholeZ LIk, EENEIC TRZEBHE] IR LR
THEBLLLZATHEO., BEREZITRALL I, EROHETIE, =
a2— NUNFORIHERE RS L Vo - BANEA I NbhTETEY,
ANV ARV —A DREEINBEOATBREBEVIZR-o TV TRDD,
ANV RN X—A DHFERFEIL, —a— N HFOREKHLE VWS A T=a—
FoIRTH B ERBFIZ, “TEHRE CTREHBESZEEL-7A4 7=y Ik
THY, ENE2KI3BETRITIN IROBEGREZEE LT IV MRTH D
WS I, EFEORBRENTIANATIHMARBIEEE T THDERRE
NTEEDOTHS.

FICEED RFERFR) ICRR LRI THEBLZL O, #3k0 “Bh
BEICEANITIE, 3NV ARAX—ABEHIRTHDI L ENTE. “BF
Hmg” Tk, BHBESLEBEMSIIEILERVWE EhS. ZhiZxLT
EEX, FROBILTINY - AN —A P17 FEITRE L ERERE W
L, #BBENRER L EBERFIONS ZAVTHEOERBER2HAL T
WABRZLEZEHLE. 2F0, “BHARSE LVIHOEABIZEDLDRLTWARY,
ANV RV —A OFRBROEAORRT OEAERBIC 2> TLEIDOE.

AR T, SEIXINY - R_AX—A DHERIL L, =2 — b U(Issac Newton,
1642-12NICHRT B HERFT L OBREEETS. HRORETIE, “BH
BE RERICLT, any - AAX—ABAVE “RER” t=a—bro
BEBOFE R (CHET S MEER” & 2RI X AR SHE» -
7o, BlziE, 18 L HFERHAETELL DHEZRERL VB AT —8IE, 3
N s X — A DFEOESN R (17284E) 25 LT, [=a2— U DES)
DEBIZH L CTENBROBMMEEREI L] LELOTHS LRRTNBEY.
Thbb, aNny  c RNX—ADODNERREE =2 — b OHFRERILTEHHD
ELTHRZTWS.

LT AN, EFICHEHEBBENI LIS, SAT—EN=a— O ERFR L
MTBLDERBZLIEZINY - RUX—A D 1728 EDOHDIRENER & 1735 F
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AN R~ DONEMRICETS "RER" & "InEER"

DFRIILT, NV - _NX—A 13 “GREA” CESBEELE,  “MIEER 2
ESEL %, RA—ORMEIZ LTHELTWS. AR T, A7 —ER
BRI D200mIOMEREZBLD TS DL G THZLIZE-T,
ANV R X—A 0 “RER L MBEER] &, HEENICIE X CRIER
BICHALTWEZ LR2RT. 2L 3HTRAEIIE, AT —kDREIC
£BL, ZO2o008mXIE, ELobENREEZHETHDIEINILLE
na. L»L, UTTEENRTT IO, ZhiIRBRFETHD. ZD2250HX
T, INY - RAUX—A ZE—OREIZHOWT, “GEFA” ICX3@ELE, “Mm
WEA” ICXBMEEZHLTLTVWBDE. Thbb, #fittoT=a— i
B¥d 2 “MEER” 2AVERBEREL, I3~y - SAX—ABEPRBEL
7o “RT7FRI” ZAWRBEREZ, EWVICHEBRTRE O TR 12l %
ARITHA LTS,

EROBRIIUTOL IR bDOTHS. TTI1HTIE, Iy . &w3~4
BINRTEOEHRBER CREL-BRONELHERL, 28 L 3H o T
XNRZOBEBOEERLIZHDZ L %2, EHFORBIZEL > TEFMITS. &L
28T, Iy U X—A B 1728 FEICKOIRBIER 2 BE L2 X 2 o
L, 4 7 A 7= Y (Gottfried Wilhelm Leibniz, 1646-1716)DFEE % T TiRE
L2220 “FRI” 12, =2—rro [PV 27 ] ICHFKTS “MEE
B)” ZBAFRfHT & 9 & LTWhEZ & 277, #hixe 2 T, R—ORMEIZOWT,
“GREFRD HOHRETAAREL, “MEER »OHRBTIMEEL VD ZfER
DREZE X T\, 3@?@,&ﬁlnsﬁu%ibtf%ﬁoﬁoﬁ%uo
WT) EWIHIMXEDIL, T2 THENRFE—ORBEIZOWT “REFA” %
WefEE L INEER” ZRAWEBREERFRL WD I L ERERT 5. %@L
T, BRI D2ODMEERIITEHLOTIIRL, 2 I—K—E1HY,
HIZBWAIRELODOL LTHBLTWEZ 2T

1.1727 EOHRER—REN"Z2E--FEREZDIRE

ANV NN —A PERERETEBA L INTEDT 7 U RAEOGHR EE)
DERZFEANCSNT) D3, BONWEFRICERTI SV LIELIEFIASh
T&e. 128, EnidboilEs “BhRSE” KRBV TEXEIRSLHEEL-
TLETRTEDTHo. ZROFTETOHLHMNIN, EHIXLIZ [RELHRE]
WRRLEZRIX I3y« X —A OHE—EHRER» S OFFEM—) T,
WERDBFFTH HE DI IR DT CRRBICE SN TNWBZ L EERHL, I~
Ve RN X—A DAL T, BERZZCRALEEROSEBZHA LN
L. $72bb, #IiX 1727 EORIXT, BEHRFLEBHEREFERIE VD 2
Owﬁfwégkbrﬂ%wfﬁ&ﬁﬁéﬁ&f6kwoﬁﬁ%%ﬁbtof
H>BY.

1727 £ D/ HEBDOGFERICOWT) THLHREEZE U SDIE, %
B “EROLEFEER] LRE—EHOBERTHS. Fhi, 2 DOBEVERME
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BT BREOEEZBERMTIEbDOTH-T, OEMNEEDORE, @ “MED
B (quantité de direction)” DRTE, QENDOREFEL VD 3 OORFFRD LR S
nTW3. BEBENEN A, BD 2 OOWEOEENOEE Y a, b L L,
BHROEELEx, yLT5E, KOXIBRATRINS.

® a—b=y—=x

® Aa+Bb=Ax+By

® Ad+Bb =4Ax*+ By
BEOEETV XL, ORESHERFR, QR RXNVX—REAICHY T 59,

ANY RN R =SB IDEHIICRRLE 3 SORFRNS, BRI L TH
ERHLOBATHEZBNTWVS.

e 1XE D%, 24 (Johannis Bernoulli Opera Omnia)” % HHAR$ 5 1742 £E % TD
15 ERIC, EROX Sz “BRER” ZAVERIE 6EREZLTWEY. Zh
Fany R_RAUX—A BERFPIZER LR 1 Z0BEL2 5D 5. Lizdhko
T, “REFA” ZRAVWTHZEOMBELZHES LWH BRI, BEDOIANY - L
X—A DHERRIZL o TEERMBEZED TV RETIENTELS.

UTTHRULDXIIC, TORDOERIX, BAZD0LE>RREBLE Lo THE
MREZEDZLZEMTITRLTWVS. KT 1727 E2S 1735 EDRMICRER L
T2RRXT “REFR” 2ERALEFEZZBREZRERL TS, TRIEOEBED
BEMEETT LD TH o722, R OBROBBEASHALNICRY, BFE
OFEMELERZRKBERLS &, LLTTIE, BN 1728F L 1735 FITERL
T 20oDREOBER N T A LIZE-T, 127 EDRX EBDEEER
IZHOWNWT] o OBBOELEBMTITS.

2. KDIRBHEEER (1728 £F) IZH T2 “REFRI" & E A"

ANV R R—A1L, 11T28FED YU I b - RIVTNIFERET AT
I —#2ZE(Commentarii Academiae Scientiarum Imperialis Petropolitanae)] IZ &% L
eI T U EBOMX,

EHO/NEREIEVIZE LOVRBIRTHEDAENZRERIZOWVWTOE
8B REEXDOETFHN1IENTIBOKOEEMRA, FEHORENLHEEIC
b 3.915% (Y|

TRORBEREREALL O Z ORI (LT T NESHKIC OV T LIR)
IEOWTIE, B 18 HEAFRFED Fy L—XF N bIC k- T, HBBEEL
KA Eh, BEESHEROLERHERL LTEHESFEShTER0.
heb, ThETOHERIL, ZORIOEEHAEOHITITR-THY, 0
RXCOBNRERORE L Vo e HFHRHRICELTIE, +HCHHBRE
NIV RV. MxTWwH e, ThETORETIE, INY - X —A
DAEHROT»LEOWREER 71T X HMY H LT, &4~ Z(Christiaan
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ANY - RUX—L DOHERRICE TS "RER" & "mEER"

Huygens, 1629-1695)72 & D EBEE R, 7 — 7 —(Brook Taylor, 1685-1731)72 & D
BEHE, HBViZA A 5 —(Leonhard Euler, 1707-1783)72 ¥ D% ks Dk &
BT 3 - LI ERBBEINTE 2D,

OO REBOTBERLILIEIETHRY. FRIZX > THRORS
HRRIIHTanNny « RVX—A DFEEBRBREIN, HERIZEBTAMEBERIT
BDEYVRARIC R oT=NDTHSD. 28, ROERBERISITEZMILIETHHL
TehER, Ny + RAX—A OBRBROBBBR+SIT o8 b7 2.
FIZBARIFARFRNCOWTOEITHEDO REN ZORBEREZERVICL
TWA3.

INETDLIA, ANV RAX—AZLHEOEHERZ Lo L LHEL
KB LEDIX, A ZYTOSAT—ETHS. wAT—EOHFEIX, o
—AFNBIEDBENETCOMERRIOGEE X TWB®, LITHRO RAF
FHBICIE Lo L bEYUTHEILEEZOND. £ZT, ANV « XAX—AD
HRZ RIS, AT —E2ORFTEBRICELD TR EEV.

2 NT—EIiX, 19FIZERLE [T—F—LIany - X —A OIREFX
AR : 18 HHACHEDIZEIT 2 EBEDEN I F DM LWIRXT, 7—75—¢
ANY - NRAX—A L DROBEERZ LBRFN T2 LItk - T, 181k
AR ANEBRROEREZMAL LS L LD, 2L T, any - RAX
—A 2 TEBOEZFEAICOWT] (17274) TEHESE TBJIEMICHES L
ol LRBRLTVWBED, = AF—kick B, T—F—M=a— bricHET
5 NEBOE LAl 24> TRBEEEVZOIIIL, any - R_AX—113,
“TEHRER” &Y LA (Galileo Galilei, 1564-1642)iZ 3K 3% “%ETEAI” %
AWTHEZBW -2 WS, —oz B LTeAT—]IE, I3~V
RNV —A BEHBROBMMERTDIC, FSHEER” 2AVWCRHELRE
Wi EBRTWBED, 5%y, wAF—FIZLhiE, “BIERNRENRE ©
HBIANY AN X—A X DZORBERIT, “EHREA & “WTEA
WKESHNTWBRZ LT3,

B, sAT—tORMEIE, “BTHRE LVORMBEZURBE LT,
ANY c RAX—A DX EZTRABOTWVSB. UTTRLTW KDL, an
Ve RNUR—A DR RBIFZICHOVWT) TiX, A—0ABEICK LT _@ED
BEPRRINTWS. T2bL, FTEHAMREEN (TRbbLEBDEEER]
EFHRTHIERDOILD1 D) 2AVERENRENEHLE T, [EBOE
ZHRI ICH¥RT D NEERT RRWEBENTRENRS, LWVWOIBRIZRo
TW5., w7 —t&b, 1728 EDRI [REFLIZHOVT) T2 BEOMRER G
BERTVBELRRTNWED, LZAR, sATF—EDERTIX, IV N
WA —=A135E 2 OFETHENRFUEZHRO S bizEoTWB LV H D,
FZTUTTIX, Iy« NUX—ADRHRX EBEZIZOWVWT] TRERENE
2 ODBEFHLIBNTHILICE-ST, SAT—FvDORBEYRIETSHZ &
IZL7=v.
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21. FHEFNEZRVERE
1728 EEDFH L RHKIZ OV T, RO L 5 RZEOFHA»HIEE S (K 2.1).

LB CEE S h =R UE X 0/ ER(pondusculum) % b 1K EN5% ACDEF %
X, TRTO/NRBFRFIZER AB ICBIZET LB E2 LTWAHLER
HB. LIEP-T, 4O/ KROEELMENL, THhONEBRTIRS
Cc, Dd, Ee BIZHpITHHLERHBHO

DEY, KITBWRE/NERNOHERIN TR, RBNRET BT, %2k
DEERICE AB @875 L9512, $XTO/NKIZFA AP CHIEST5. &
JVERAPMRBTRF—ITLBE, “UORWMHYBEUEAY CHIES TS &
WHORBEERIRLEDE, Iy s S~AX—A BEITH- 207,

1 EiTR&= 1727 E0OfRC REBOMEZFERNICOWT) T, B EFA28%
SEHEBLTCVBIIICRIBAXERRLN DM, 2223, 1728 £z MR
BIZHOWT ) IZIXZED &L ) 2 XXEIT <, BEORHALBEDABEMIN T
5.
Bz oROEREEE, BEARFRIZHAVWTRDED LT, HHT “MmEE
A” ZAVWTRD TS, RIZZEZTERAIKW B2 EE LT, EEk
BENME LOROERE Y, T “MMEEL” ZHVTRD, RICENRE
AZAWVWTEKRD TS,

B21 REpRIZEIBEOETNL
(Johannis Bernoulli Opera Omnia, Tom.3, 210)

AR T, —BEORELZMIHEIETTOMTEIENENROT, LT T,
ANV s RURX—A R ZTRRLE VEDONEKRE 2EKDELOEDI b2 D
HERRITHT DBEE ST S.

X 221%, 1EO/NRE | fHOSELE 2 KORIZEIDZEDETNVNTHD. ZD
ETFTNTE, BEEORWVENHEAB CEEXN, SF CEHEHX LO/IKRIZER-
TEY, ZONKRLLEEBEXPOELEIORWVWATER-TWAS. iz, i
RENT ARSI DALERLET, SATIIHARKEBSIENTES. Z0%
TiX, MRLIZA CZPOICEEEL, EPIXHVAVOREPLICHIRE T
3. INROBUN2IRIER a, ABOEI %2 2b L T35 L, & P ORIBITEMAIFERN

18



ANY - RLR—A DHERRICE TS "RER" & "mEER"

REBEND, b5,

[ B
S

22 IER1BEICXLBEDET LV
(Johannis Bernoulli Opera Omnia, Tom.3, 210)

TDESCHDETNVER R LD L, HKIT,

[/FER] L [8h AB EDA] CIZBEL L ZICEEEER, EEILX
STHHETTAEIEERES z 2 @B LED L TEHEEEIZELWL
LT3L, TOEEIXSITRD

LR~ BP T EBRETICRWVTIE, EENK TERMO 2 RICHHITEZ
LEBRRELOTHY, 17HACLUR, HY LAICHEETS “EWTER” LT
MOENTWEERITHZDO, = DRI & EHRFNNS,
Lz=(c’/b)X P @1

2185, EDINRL OFEAORKETHY, HLIIEP B HLOBEHDORK
ETHD. 2F0 oKL, /IERLBHLOIESLE P B LOFEHOFAHRIC
—ETHDILERLTVWEDTHS.

T, RQDIK, DER L OFEEIPIRIE o \IZHBFITHIEBRDLLTNEBDT,
COBEEBORAMERD D LN TE S, T742bb, /NRLOMEAHIL, M
ALRZpEdIdL,

ap/(2\z) = p\bL I(2N/P) (2.2)
L72B®,
TIT, RS D ORFOWERMIL, L, [q2)p*P T, RS D ORFH 1

BliRN 5 M/ ERSIREY - 5 BT, KQ.2)EFHAWT, 2 [(DxPYABXL) L723B®,

2.2. TER H2 ORE (principia statica) | Z#BULV=fRE

X [REVZIZOWVWT) T, IEHRFRIZ AVW-ENsBR S h=b L T,
(BAH%2ORE] W2 RAW-ROBESBEEIhTWS. Z2TW) T#EHF
DOFHE)] &3, UTFTTREE5IZ, =a—rro EBOE A ICH¥ET
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5 “MEER” OZEThB.
wNT—RIZLBE, BH¥EORE] L1, ROEHELHBMALEL T
RIERTBETHDOZETHBLEWVID, 243, 2D & 5 RETHI/INRIC
ERLTWBZ i3, 21 HiTo LEBARERZAWERETY, [/NKL
% CIZHD > THIK Ao iElE LC iIckfld 5] @LR_bhTRY, =
FEOMEIZEE T IR E RS2 TWVS. LER-T, v AT—kD LI ICT§#
H¥DORB| 2T THD LEBBTIITITEENDS.
COMBEDOBHEICIE, 4 SOBELHS. #ME 11T, EHNERSUCHHET
THE0, FECETILOTHS. Thbb, BEHOKEE%2gd LT,

WMERET T LML x, BTORRIBIT2EEL v, ETRMEZ, B
S PDEE®Mmassa)x M L 55L, MXg=P THY, gdxv=adv 1215,

Ga=vL%d

LRA_RTNBD,

T T Tgaxiv=dv L WO RiX, BN g LI dx OFBICET IR dulv L D
BR, FEOE dv ITRBZELERDLTWS. DX 2EBHRIZ, 1700
#1277 Y = 3 >(Pierre Varignon, 1654-1722)3==2— k> ®D [FV o F 7]
DFOMEZEIRT B 1-DITHEVIED TR, KEOKFEZEOHM T 46
NEHLDTH-7=®, any R_RAX—A%, [PV rFe7) ichkT 5/
FEZERTIBCE, BL O Z0BBEREZE-oTVED), 72X LYBRIZ D
BfRRO&HA—ELTEHT, TMEA) [HAIRBHR] TR 2 Sk
R TWECO, 22 CUTTIE, ME2RbT LROBFRRE, “mEdk
Q) LR LTS, B 1L, DENEAICLI-TMEENBZHBEIZ, “M
HWER” ZEHCERLELDOTHE L WVWH Z LB TEXB.

ﬁEzfﬁ,ﬁgloﬁﬁﬁ%Q%Lt,=ﬁ9@tw5,%Tﬁﬁk%
TEEREDBIR 2 M TV 0D,

ME3 T, @E20ORREZAY, AAREZpLLT, EHEZTTHIH

DERY*BHETTIDOIETINRMEEZ, TOHOERLRALEEZOY A7
A4 FLEDEE TREETAIDICETIRMLELERDZLIZL-T, REDODIE

%®¥Jﬁﬂ(pl2)m FRODTVBCD,

MR 413, BIEETIX, ExHoRMIEEIAR AR SIE, AHTRIECED
BF—FIRBILEzRITWS. T4bb,

PERE FCICHeBl B NIcX» T [ERMFC L2 EBT5] AF2 [E] RC
IZEAoTWNBE X, RFREINLBIEHBDTY, FHIZ% LVWEHETHE
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B FC BB 5 Z L 2 IEBHT 5049,

ZOMBIZRTHaANY - AAX—AIZKBERIIKROL IR LD THS.
BIXET, fE2HD/RTF A —HF(parametrum) & LT, BEEEICHBIT B H% fXFC
L&D, ElFC=q, FCHIOEEDPK%Z 0L LT, EHEFO=xL¥5. =
Z T,

X (a—x)dxlv=dv (2.3)
EWHIRZBETRT B, ZoRIX, BEEE a—x IZHHIT B H X (a—x) & BERE dx
DEBICET DM dxiv & OFEY, BEOEICRZZLERLTEY, f#l
1DLZATRBLERLFRALELZLTWVWS. 2FE04IE, ZZTHERE, “M
HEA” ZAVWTWADTHS.

2 AT—RIZENIE, Iy - R_RAX—A1F, “BHREFR” 2RO L
- TRRINZ/EL NI, 728, ECRBALELLIC, =a—briCH
¥32 “MFERI” 25281, UVrV=oaeBLKEHAEPIVRY LT
WheaANy « RAX—AIZEoTERRI L ThoEEXLNS. ¥/, L
TREXIIZ, RQI)DFIL, IAY « ~AX—AT=bH “MEERA” 2RER
THRBERE ThHolz. EBIZ, Iy « L —A BiaX HEEFXIZ OV
T CEMESLE S BEITIE, FEHisviva)] &V D SEEZHVTN B9,
“NVT—tb, BEOBRIITERRH D Z LIZESVWTWVWEL I ITEDbRS.
EAIANY c R X—A DORIITIT

fa—x)dx=vdv (2.3a)

EVIKEZFESTHRHAL TV ENSTHBY. BRHLBEAILTSEE, R
23a)i, HIEH la— )L BB RAX =R o 57T /IERDEE — R
NE—BEMT DI EERDOLTWARLBIRTES. Ehb, bLINY - N
NI —AHBRQR3)EE-> TV bif, v AT —ORREMSD Z & HATRERE
STehrb L, L, any X —A3RQR3a)E2FE->TELS, “M
HEA” 2R TOICYRE—BROE > RQINZEERRLTNWS. 2, 0
BETIX, WEAI LWVWIHIBEXAVLRTHARY. LEXRST, w57 —k
DEIIZ “BHRER 2RO HILE->TRQ3)2EBLLERLRT LIV Y,
YUR— R o7z “INEER” 2#- TRQRINEBLLEEZXDFNLYART
HDHLEZIIEZS.

KIZBEIIXQI)EES LTRERTEZ 0D,

dt =dx/+/ f(2ax—x?) 24)

2B Zhi, REI)TROENDEBICREW T, Elfd 2 BBTHDIC
ET5RETHS.

RRHZ xIZONTOND aETTHEATI L, EMa 2 BBTIOICETS
REfNY, pZHARL LT, alCBRR BiIi—EHE
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pI2F 2.5)

LRBIEBHNB. Tk, AFREIMLEBIXBEDTS, FEIZELWE
FICHEBEFC ZEBBTAHZLEZRLTWVS.

TDEIIZ, 4 OOHELEZHALTHD, Iany « X —A XK 2.2 TR
ENB L) RROEEEEZRD TS, TFTIIUDICHKIL, EPICERTRE
Hfi1&, NERL %2 CIZMMPbEDHEDLERD D, R FC NERIZ/NENT
LEFATDE, BMENRERND, TOHITAC :2FC=b:2alZ725%. L
TeBoT, /IMNRL%Z CIZMbbESR NI, EPOEEZ ML LT, 2aMg/h &
230, o, RBIZHBITINTHD. £oT, 20X R H%EZT

TEBT /KL ORI, WE4ORQHPD, 512 200 £ BB,
#E3 T, RS D OWFOWFRABIL (/9 g THH I LBIPOTVD

DT, X DOEFHN 1 BRI D EN/NERMPIEEN 5 BT, 2(Dx P)(4BxT)

L725W, BROZLENG, ZOMKRIT, 2.1 BTEAMREAZAVTED
hiebDL—HLTHWS.

23. ZEROREOREETILT—EDRBOBRE

“HEEOfREERLISED L, BARFIEZAVEEECE,  mEEf”
FRWEBEIZIIRWVERID D Z B35, Fhix, “BTHEA” v
AR CTHD. TNETIKBVRLBEFALLZX S1C, BHREFENZHWRET
X, “BTER AV THEOEELZBIICERLTNS. o, A
HEZAWERETIX, “BEH” BZRhATHiRL,

TZRL, “MMEER” ZRAWEMETI, 22 iTRELOIWIE, EHO
ER 2% CEBT 29 “MEER” 2#@AT/ZLIcL-T, “BTE
A)” \CHYT32RZEHLTWS. BROBEANLTH L, “BWTHEA” ME
BHFBRALENMEENOHEHEINDZ EVWIDIREBAD L THS. T ED,
QIETHEMBLIZLOIZ, “BTERA” 217#REoFY vAURL<ambhi-
BRITHY, oA OEHEND Z L ARLBERICAVLRTE @, L=
BoT, INY  NAX—AH DFEER” 20 “BTFER CHRETIX2
HHLTWA0IX, YRTIH AL, LLAREBIETAZ LD

Tixbb, BEAREFEZAWERETIE, “ETHER 34 ) vAicEkd
DHAMRAIRTHD. oF Y, “WTEA IBEHARE»LEHTHZ L
TEF, BEICAATIMIALNENSSHD. LT, “IEEA” 2HVE
RETIX, “WTEA” X1 0EBTHS. 2%, “IMFEER” 20ET
mMEOEMNEATHIE, “BWTER 2EHTILN8TES. Z0XH%
S, 2 SDBENRHBRIND T LIZL > THIHDTHREICRDZDTHS.
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I T221EITHW L2 1728 EOFEHRFRZ AW fEEE, 1§TotrL
7 INRT EORORIFEROME L ML EIETAHL ). —RLUTHLNRDE,
KOFRIRFEZROMIEICIT, URREL “WTEA” BEENTHARVWILTH
58 FO), INAY - NUX—A1F, 2050 “REFR” OREE-o THRE
DOEBERT I ENTE-.

=X, ENORELZ T TRETAROERIZBWVTIT “BTIER” SYE
2725, £ LTLETRELIIIZ, “BTER X “RER” LiIbED, 48
RETRE LTEASHT.

Wiz, 22 HTRIZEIIZ, =a— biclkRT S “MEER" 2 AVI-fF
ETINY - A_AAX—A1F, “MBFBER” 220 “WTER THEYTX%2T
BIZEHLTWS. T2bb, %k “MEER” OoF#ELE LT “BTHEA &
BToTWBDE. ZOZ L, BHRFRAIOIX “BETHER” 2¥8HTX
RWA, =a— bICH¥ETZ “MEER” o6 “WTHRR” 28HT
X5, LWHZLERENTBHBL WD L E2RRT .

ZITC, 1728 FEDRITRIT 3 _EHEOBREOBURIZ OV THH TELTH
eV, 21 EE 228 TRAZE S, ZEEOMREIX, EVWISIACEREZBZ
BT, TENEFNMIMIETINTWAS. 2F 0, BoEE & W) BB L
T, “RE” ZHVWAREERL MEER 2RV ARBEXFRZOHRAES
ELboTNBRIENRREINTWEDOTHD. &biz, LTRELSIL, —EE
DIBEERMETHZ LI2E-T, “BREA ZRAVAAREICT “BTEN &
WO “REFAP DL IIEHTERWVERBIARARTH D Z EBHRIATWS.

INETOHGHREREZANT, AT —EDORMBERIELTHLY. wAT
—EICEE, 21 FE 228 TRAELLLDMETYH, INY - "AX—A X
‘WHRFR” & “BTHER” 2HAVCTRBEZMBW -2 LIZRoTW5. M
2, 2.1 I LEBEARFRZHAWERETIE, T0@EY ThHhd. —F,
22 BiTHW L HZEOFEE] 2HWEREY “EAREN & “BTE
A ICESWTWALERRTORRETHD. 22 HiTHEHBLEZIIIC, v
T—kiL, BOFEORHE) #ExAhLHRL, ThE2AVWERETH, R0
HHOBRICEARERRMEDNZ LR LTV, 7288, any - X —A
ENRFRIZER T 28I21%, [ A(vis viva)] &) EEZ B RMICHE-
TW5. Zb, EH] &V BSEZHTRBICE > TORWERT CHRERIZE
HERFRPERA IR E RRTZLIEITERVDOTIIRLS 2. (7=, (&
FFEORE| ICESL IaNy - RAX—A OBEOKRITIT,

FIENERACTERLEZR2I—%KT 5
EEMNTWVWAE®, b, T#AFORE] 2 AVCRBE LR,

BHEAOCTRWERERLE—BT I EMATENRTWS. 2oz ik, T#
NFEDORE | ICESLRBETIE, BHBXAVLOATWRWNWI LERLTNSE
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Bbhb. :
BVIBLICRAD, wAT—EIX, IAY - _UX—A BEHBROENMME
PRTIEDIZ “BHRER 2#E-o TRBROBBELRV - L RT3,
LT, 2HOBFETRAELIIC, 1728 FEDRIT EHKIZHOWT) DL
IZix, EHOREENS] LWIHIXEBA-TWS. 28, 21 HiOEETR
2EHIT, TORITIZIVERVZOBRANLGIEFT - TRY, BEHREFEROEN
HERRTWRE RREAERIRYORW. ZhIZHLTIHTOH L
1727 EDT7 5V AEDHRX REBIDOEGEERNCOWT] IZ1X, 2.1 HiTHEEL
X iz, EAN 'FHICBIT 2 EE#EFEOME—DIRR] &V )5 X 5 IZiEHE
SEHEEL-LRREBXENROLNEY, —F 1728 E0iaxx MEBEXIZD
WT) TiE, TOXIBRIXERROLAR. LA, HiII2EEORELAS
IR EE, TN ENOREOHEEENICLERLETWS. ETRZX DI,
—a— bIZHFETSD MEEA HO ‘BTHR” 2EHT3LZ53TE
KHASHhTEY, EHRENZAVWERETEDRLTW: “BWTER]” Off
BMIRL VAR TWS. LEXRST, Iny « VX —A BEHER
DEMEZ R TT-DICEAREINZAVCREZ®BV, LRE2TOIREET
HHEBONS. UL oHlrT5E, any - AU X—A B 1728 FD
X MREBRICOWT) T2REEOHREZXBILTHELTWAZ LIIMET
H5.

3ETIE, UEDEEOBREZMART H-DIC, Iy - VX —A 2R 1735
ERRERELERL BEHOEOEBRIZOWT #9015, HIZZDBRITH,
F—OREIZOWT, “REA" Z2AVREL MMEER” 2AVWFEL
EHFRLTVWS. KETRIORXEFNTEHIILIZELST, any - X
— A DHERROBEREZ LV AREICIBET S Z L2 BT

3. IBFEHDOHEDBEKIZDOULNTI(1735 £)
ANV - PV —A 131735 EHRD [EHHACE(Acta eruditorum)] 12, 77
VEBDML,

EHOEDEWKRSL, Yo7 b  RFATNIFERETHIT I —RE]
22 % 200 H CEANERE LB TR LEEHDOFEVFIZONWT] @

2EXRLE UT BEHOEOERIZOWNWT) LKE) .

<2 NT—EiX, BB LIEORIIOB T, 2HTHH Lz 1728 EDFRT
HEEBLIZOWT & 3EHTHN T2 1735 FEDORILBEHOEDEKRIZOWVWT
REACHEETHY, bbb “BARESE LV XRTHERTILENDHD L
WARTNB®), LidoT, 1735 EDRX FEHOEDEKIZHOWT) ORIRE
BEEZGHTHILILE ST, 2 BiTRRLIEEZFOSOHTBI AT —ED
S ESHICRIET DI ENTES.
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UTFTI, BX TEHOEOERIZOWVT] 12317 % B4R 2 BEREICE
BRYTTHNTS. £HTBZLICL-oTHBHT, 1 L 28 THHLES
N e RN —A DEBOEBLARICTDH LN TED.

3. FBHRENZERW-RE
BRI FEDFH/RIL FEHOROERIZOWT) TEETHDI,

Hi# CGB 51X 6N T, TOMRIZIN->TEBBETL, Bloh#R FAC
WCIR->TERTAND/NESIREEAN, IBEC 2 BB 4% LTHEB 2%
bEFIZBI 0B RES, 2 oDER—FHIEHTHLE, BL An (&
HED] FEOEBHRICHHLEDEDERIZRD K

EWOHRIBETH B, Zhik, ZORIXORECHD ([ 7 b - _FNLT
NIEERET AT I—RE] $25 200 ECABRRELEA) ZELILE
FIEIZ R > TW5. RED ] TiX, EANBEICERTEZEIZR>TWY
6(47)-

Z OB T ABENRFERWBERIROL >R LOTHS. K 3.1
T, EAIXRF2O8ERZRA VYD, EBIZAGHOHERZRVEYD, D
BRI aCb DALBIZH o - RS, MUk OEBI D H L T, ACB DALEBIZE
Li=bDET 5.

R

F
3.1 AR TELRINE29E0ES

(Johannis Bernoulli Opera Omnia, Tom.3, 260)

COEBNE ST HIEDIL, ¥F, KERER ME EiZ, FM, AD, BE #
ME L EBEIZRDEIICEAM, D, E®¢3. KIiZ, #%aC LkiZ, Am 3 aCZE
BEIZRB3E51ZEm%ZLY, £BCLEIZ, bnABC LEEHICRBZEIICHANZ
L%, Fl, B BE LiZ, bo MBE L EEIZRDIHIICHRox LD, ABIT,
#7 FM EiZ, AR FM LEEIZRDEIICARZEY, 8BS AR ki, al
BAR LEEHIZRDIIICRIZLS.

CB=x & B &, SEIP/N2EEITadb AICBEIL, b6 BIZBEITS
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DT, Bn=am=dx L BIT5. £/, Bo=dy, la=dgq ¢HB<. EbiZ, BuEEL
DW/PNEFR BB, AaDRIZENEds, dr LB<.

CORETYH, 2B TRZBEROMBIEL FRRIC, BHETIZBWTEE®D 2
ELETEERICHEI TS LW, “BTEA B@ERENTWVWS. T2bb,

zHEERBOTVIZELWE T FBOEN : DB ENOHEAETLT
Bl HED, SEBHMBLEDEB THAIEEIZELLRDbD LT,

TITH2HEE AR, ABIZBITZEOEEIL, ZEEDENS. ZDL X,
§F A OFEEIX, R UHUNERIAIER L0l Lo NEFERZHRD Z ik
2T, (drids)z & 725,

I ORETIE, BAREFERIZKRO X IR TW3.

T8 LATIMIBITDIENORELHEICL ST, BT 58
NESLETHEM:E OBOEHND, LA TIMOES L LA ER L OK
DRHEZELSIWIEbDIX, TRTOENEE LEAOEFHITE LV,

DFY, ZOMBETIE, EBOBRT THHEHEINEEIND, EADLRIZED
NBFEHZEZLSIWZLDD, 2 DOFEOFEEDOEIMIfELND Z LIZRDD
Thb.
ZOMBETIE, EBIXIR GO OEEBIZIED, $EA XA F D OEBZADTH
20T, EIZBRR7=EAFRFRIZRICRDT L,
SBXB—FR X A=zX B+ (dr*/ds*)z X A (3.1)
RGE.DZ zZIZOWTHEWT, SB=q, FR=r2&&#z 3L, z 2XbTHI1E
bhb.
z=(By— Aq)ds*/(Bds*+ Adr?) (3.2)

3.2. Ik RAZEAL-RE

ZOBETHEEHER 3.1 KAVWLNS. Tz, EOBRESEE: LI,
BAHiLRETHD. ZZTHEICHEAINDIDEL, 200EE2BAKRDENT
L, BHgThs. iz, 228HO#E1 LRIULL, 2 >DEDE E(massa)x £
nENh A, BLL, ENRFZIT D MHESHEIE X (pondus absolutum) | % ZNE 4 g4,
gB L LT3,

WIZINY - _AX—A 1%, BEFEOSHERDTWED, §EOES 2R
BT 300%, BEFEOSHENGTHS. & BIiZix, EHOREFROSH
L, ROBHOFREFEDHHBIXTHNTNWS.

$E B 12137 b < EAOREF WD 53 113, gBdylds, R DEF D4y 11X, Tdxlds
ROT, $EBIZIX 6L HOHEF RO 1, gBdylds—Tdxlds L 725. [FIfk
i, 8B A ICi37 b PHEF RO, Tdlds—gAdgldr & 725,
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Z OFETIE, MEEAITKRO X H IR TWAS.

Lot b FIFTANONE-BAZDOFEBREZHAWD L, PAS=VdV L7725
(ZZT, PI3NES, dSi@@T EMOESR, VIiddEe) 9.

DFY, TITI 22 HTRZEDEOBMEIY H, kYViZoZx L LEET
MEERBBRENTVWEDTHB.

RiIZRD=HFHE MO HERE AL LT, ZOMEENZERTDE, K
BTCODEEBDEEL u, S ATDEADEER vLELT, 20084, BIZO
WT, TRLENROXBELNS.

Tdx/A—gdg=vdv, gdy—Tdx/IB=udu

OREZTNENHEN LTERT DL,

[Tax=gAq+%AV?, |Tdx=gBy—Y:Bi*  ©9
L2BDT, RORXBELND.
gBy—VsBut=gAq+ AV (3.3)47

TIZT, u & vIiZOWTIE, 3.1 8iERERIC, R UM/NNSRAICER L7728
ELEOBNERLHRDBZILIZEST, urv=ds 1 dr 725, £, u oW
TH31HERULL, BEzbBEAERTLEEREIZEZLLRZDT, mEE
B2 D, gdz=udu, T72bb, gz=%lt 725, =5 LIEKREAVT, R@3.3)
Du, vezIZTEEHZ, zIZ7oWVWTHEEL L, z2FbIRBEoN5.

z=(By— Aq)ds*/(Bds*+ Adr®) (3.4)%®
bHAAZHIE, 3 1HTRDERG2DIC—HLTWVWS.

33 ZHEORZO/ELETILT—EDORBOEE

3.1 BiCHIT L-BETIE, BARFAILE “BTER” sAVLhTWA.
D¥EY, 2.1 HTHWLEBELRICHIRIOHELTWS. £k, HY LA
ICHXT S “BTHERA” 2o TEIZEIREBRLTVWEEYD, EANBRIC
HTZRWEWI RH 21 HiEEDL RV,
BAETAHVWLNEFEARFINT, —R33 ¢ 21 HTAVWLNEARER
LV HBBHEEREE LTS, 2.1 BiTOFENRERNT, “SBP OIEAL/IIKRL
DENDEHB—ETHD” LWVIHILDThol-. ZhiZxLT, 3.1 #HiTO
EAREFRNL,

RFI2EL LR T2EBT HEAORELUECL>T, BT T 26
DEE LR TEML OMOEEHI D, LATIEOES & LA L OR
DREEZE LN b O, TRTOEBEE L BN OEFHIE LNED
EVSbOTHS. [T TOESEE LIEHDEE) 85, EOEEDOHS
RIS BEAOHIEBRT 52 LT CIKHPD. TH, [BTT5ED
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BEXLETEM:OEOEHNDL, LRETAIENES L LAER L OROKE
EELIWEDLD] LIIMEERTDHOIES S D

FOEWKIZ, ThETOMET, “BETHEA PEBEETICRIIEILE
ELiBTa30ICAVWLhTERLZLeELNT, BHICEBRTES. 3.1
HTHOWLEBETIY, EBIZGH»OLBETERTL, AIIF»»HAETLE
BLTW3A. ZZTUTHA” 246> THE B XK TERZ2 ®EICHRETHLIT,
(ETT5@OESLETEREOHE) 13, S0BA, EBFEMTETLE
BEICEEB LI TOREATHDZ RS, Rk, TERITHEDES
L LREEBEL O 1X, SDBE, FBAVBEMTLAETAIDICHLEREANTSH
BILEBHNDB. LizhoT, EBBIBLIITOENNCEABLERENZ
ZL3IWVWELDIX, 2 DOENLRDFROEEDHS, TRbHRD [T
DOENEBE LB HOER 225.

DXL, 3N HTHVWLREEARERIX, —REELREEZ L TNTY,
ZOBBRERICUTEA 2EALT, BETTERTNIBEIZTOEAR,
B CEATADIIVNERENEZRDTELSIETHIE, BREEZ2ERK
EBAIILENTEDLOITRoTWS., FHRFAZAWVWEREDOZDOL SR
L, 21 TH3IHTHIRBEBL TS,

32 HIOMMENRINEVIXAZNICEMRZLII—RLTHLNLTHS. 4, B
FNENOHEIZOWT, BHLEHOREFMOESZE X, ThThoW
HIZHOWT “MEER]” Z2EAL, BoOoN-XE2EL L CEAICET3EEZHE
ETBZLITE-TEIRKAKBINEES.

ANy NN —A BE, “MEERA ZRAWEREOBELIZERLTY
3. X0 EEORERR T T IERC, —EEORELIHLLT,

EHOERERAWMENR (8% OREHEEITER TIT D 2R
72) FHEE, IKALA TV HETHRET 28N FEOREL AV ERE
ioYraball sl 2Ap S

LEVWTWBE®), Zo#asd, IAY - SAX—A B_EEOMEE LD X
HIZEHMLTWE=DONEMBZ LN TE 3.

|1, X" EEOMEZARICEIILTWS. Thbb, [EHOHER
(R7FRD) ZAWEMEL, [HAFOFRE] (IFEER) 2RV RETH
5. L7doT, any « RAX—A BZRBEOREDO LL L THLIEAREN
PESLETHEINANT—EDORFEMB I LixTERY. RIZ28 T BHFE
DFHE] IZOWT, AT —tDRMOBRZHRB/ L. TOBRITIX, 1728 £
DRI HREKIZOWVWT) OXARE, ROFBICETIEENL, [FFHFEOKR
| B=a—bUIiCBH¥T S MEER” THLTEESBEVWI LEZERHLT
BWi, T TR HHFOFEE] B8, =a— b IiCE¥T S “MEEA
ThHDEDEIRE, INY AN X—ABHFORBIZL - THHBTHZ LA
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TXB3DThHAB.
OWHERATREZLIE, Iy - _AX—A1F, “BRERA 2HVW-fEE
* AR FEBEERW, “MEER” 2RWCMEEL TESENR) HikL
FEATWAZ L. 23 HiTHHEHLA-LOIZ, any - _X—A1F, “R
FR” ZE-CRIBELZMEBIZIE, VY VAICHETS “BWTEA BHLET
HHZLERBLTCWE, FLT, 20 “BTHER” 2, “m#EEA]” »bHH
HENBZLHEMLTWE. LEB-T, “BRER” 26> D, (M
EHIZTHN) IMNEER]” BHBRBEIZRDEELTHEFRBESEY. i,
“GEHRE” OHIZ, “BREFERA ZRAVWS I LICHHIBRANL BEIST-D
WL, “DEERTIZZE L DAL IZZIT AL TWEZ & HEFEL TV
ERELRE L “RER 2AVWAIHEE THEN) LY, =a— b2
Bm¥T3 “IEER” 2AV-MREL TEEN) LRAEDIX, any - L
X—A B2 — P ACHETIFEORFZRHD TN\ 2D TIIR2 5
M. ZOZENDHETBHE, NV - NUR—A BEHEROBMEE TR
FTrDIENRERZ2E-T-BREEBHALE LW AT — OBRBIZITHEEE
BhHsLEDbhS.

BE, any - SXAX—A1F, 2EHTHI LRI OERICOWT,

EHREZHAVWAEZ LICE > TERICHRED S #RBT 5 LN TE
72DT, ¥TENMRFEUNEZRANERELB/I-HLET, EIMbRELIT,
WhWABNFEORBIZESRELHEH L

ERARTWBO, gy _RAx— 113, REBROMBELZEEIE, ¥TEN
REAUNZAVCHEZIEEBL THD, “IMEER” 2 =MREZ2H/BLE-
TWa. ZOZ ¢, 3 HTONLERBECLYTREDI EBDhS. +422b
B, ANV - R_RAX—A1F, “BRER & “MEER” 0OLbHLHbRHEBEREIC
AHTHHEEZITWE. HiITE-T, “BREH 2HVWEMEREL, =a2—F
o TESOE _EA) Ch¥XT 5 “MEER” 2AWVERBEEIRLTL0
Tidehok. DULAREEORERZWIIIELILIZL-T, ThEIORE
EOREB LY L<HLMIRY, MEBE2EETIZ LN TEE LR
tLEZHNh5.

shYIC
SHDOHEEHSTVWBERLENORBE, —a—bricE¥XT 5 EBFERX
&, (ZRVF—RENCEBERF 2L D) “RERA" L ORMICHARERE
BrRHHZLIZEATHD. HFEORELZELBIZBIVWTFRHLARARLREEST
HY, MBS CTELLDFEEZBENERDDIENTED. KBIZHEN
TRAVXF—FRFRORY OB TIE, EHLOLFREMICIZIBBISERS. 28,
EHRER LEBERFER L OB E K- TEHRE VBB IS LI,
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“REFR LEBIFERLOBFRL, FIOHLEBATH b Tk,

AFZBNT “BREFR OMEBFITBEICHEIZRDIZIE, —RXVX—RF
BIABESLEND 19 RO ITE THELRITR LRV, 2o icE3F Tl
“GREFR” OBEOMBIT 2K > T~ R CRITHBEOBRKN H - 1=,
AT Licany « VX —A DHEFFRIL, FOWELIELONRNE
A9 h,

ABTHEBELIELOIZ, EROMZEIX, Iy - ~RAX—A DHEEZ T
BB, ‘BARE” LWVIHIBREZEEHRLTE DI, any - _ux—
A DML E+HITHIT LIz iz ehotz. FlziEenrT—xiX, any -
NNV —A ZBFEROREDIRTHHILEREL T LE oD, INny - XX
—A BT84 L 1735 EEDFHRIX T, A—DBBEICX LT, “BRFEFR 2#FE-7-
%E&,:;-byum¥¢6“Mﬁ&%”&ﬁotﬁﬁa%mﬁbtewﬁ,

ROEABELIRZID LN TE o=, AL, Iany - _AX—AD
%i%“ﬁﬁ AE LW EABIOBENTOINT A LIZL- T, HAR—
OREIZR LT “BREFR” 2E-fBEL “MEER)” 2EoT-REL2HTEL
TW3 L), BORIXDOERBELID THREEIZLELOTHS.

ANV NN X—A BHOHHS _BEOBEZHTFICHER L TWabil Tk
RV 2ETHRIE L X D12, 1727 £ 1EBHOEZERNICZOWVWT) 2,
BEIBE2HE L L RREHAIREANBRAOND. EROHREIX, =5 LI-RHER
EFRXT, aNny - _AAX—ARENRETHD LR LTE . 28, EF
BEBTEBLELDIC, Iany - VX —A I ZEHRER L ESERFR &
W) 200 “REFRA 2ES>THEOMBEEMEL L W) FRAKEZRE L0
2@ FLT, 2&HE3MTRIELIC, IAY - VX —A [T EAH R
Bioa LTZRBEORERHRTEILIZL T, FNFhOBIEDHEERR
HWEEBAL TV EILNS.

ANV - R X—AIZE 5T, “BWTEA” ORiRE 22ENL, REREE
REBEThoT-. BEENIRCTHEBLIL O, BB 1T EICBELIERR
EAERIL, REULOCENODRZEHTIRAL RRTILENTEE®,
BIXFTRER 01X, BEOEENOCENEZHEN T I HER %ﬁbtmotovm&
MNAEID. EELEIL, Ba0oEDICHERBEELRILIXLEroT.
ﬁ&s%fﬁtiok,ﬁﬁ“%TEw”miﬁe“Mﬁ&m”mgﬁméh
BILEEHATLLTWS. X/, 1THEORRRENEROTTY, HFELLT
= a— b OBERBEBDBZLBRRTNE®. b bansd Loz,
ANV RV X—A1X, =a— b OHEZER LD TiIRbok. £h
EZAM, 2L 3FMTRIEELEIT, =a— N OHFEOFEIIE-T-fRER
EEL, BEIETWBDOTHS.

EROSIIZE ST, IAY - SR —A1F, 17284EL 1735 5D 2 DD
XiIZRWT, “BREFA” CESHFEE =2 — P rOHEEZILISETHRY
TEBBALNIRoT. LEBST, any « X —AB=a— b UIRIZE
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FTRLR=a— FRIZBTDEVSTZREIRR, INY c RAX—ALDHEFE
WELERTHBRICITERRTT TR, FRERTHEEXHZ LICRDEN
L9,

TDXOIRBHBIT, BEARBHFEORRELBEALBEORIL [KHE
(Hydraulica)] ®DORNE %2 BiET IBOEERRIR L 2 5. TOFTOFEMILE!
BIZEDN, T TRBLEBRTRBELW. BT 1742 FEITHR LRI K
H#] OFTHbYD [ RAX—ADEH] & NEBOFE HER ICHXT D
T#28) /3 (vis motrix) | DEBEN LB H L TWBO HEFHB/ELRRLEDY,
BDOHERRE =2 — P OAFTHETE LD ERZRLEZY LTI, #RXX X
HEFE CBIBZ3ZDEIRERIFoLEBRMTE R, HdHVIEFINAY - R
WA —ABPRR=2— P RICEE L L2783, BRENWZ EIIZ, Iany -
NUX—A4L, BX (KH¥) OPTEHL [FEYWERZREE S (vis motrix
immaterialis)) & FEA TWB®, = = CHLEBEHOMERERICFE->TWVD
BFREXDEA). KROSHIL, X (kA% CREISLREAZED
BRLEEEOHEFEORIMNEMITIRAZRET I bDLERES. T4
bh, HEFBPOHICHEE L “RER” L=a— bUICHEXT S IEER
LEFEERTRIANY - RPN X—ALWVIBRRTHS.

&

W) BIZE, T4282—]. oY [HhyY ¥FHE] (LFREE - @K
BER, PRETN - BESH - KEE - KAEH - EHE— - RE—M - §
REBER) HIK, 2005 4E, 600-605, 619-634; Carl B. Boyer, The History of the
Calculus and its Conceptual Development, New York, 1949, 207-242; Herman H.
Goldstine, 4 History of the Calculus of Variations from the Seventeenth Century
through the Nineteenth Century, New York, 1980, 30-66.

() BFER [any - VX —A OHFE—EHRENDH» L OFFHE—] [RFER
W) % 45% (2006 4E) 1-10 H.

(3) 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, XXIX (1992), 739.

(4) “Discours sur les loix de la communication du moumvement,” in Johannis
Bernoulli, M.D. Matheseos Professoris, Regiarum Societatum Parisiensis,
Londinesis, Petropolitanae, Berolinensis, Socii &c. Opera Omnia, tam antea
sparsim edita, quam hactenus inedita, 4 toms, Lausanne et Geneve, 1742 (reprint:
Hildesheim, 1968), Tom.3, 1-107. 7233, Af&TiX, Iy - XNV X—A DF@X
DERSLEEIX, Leonhard Euler Briefwechsel mit Johann (I) Bernoulli und Niklaus (1)
Bernoulli, Leonhardi Euleri Opera Omnia, Ser.IV-A, Tom.2, heraus. von Emil A.
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Fellmann und Gleb K. Mikhajlov, unter Mitwirkung von Beatrice Bosshart, Adolf P.
Juskevi¢ und Judith Kh. Kopelevi¢, Basel, 1998 D XK Iz I - b D2 A
WA, INBBREE TORFOMRIZESINTNELEILNEZNLTHS.
IOk, EIZHEBITRIR ay - VX —A DH%E] TEVWERSL
RR2BEVEHS.

() #LLiZ, BE [any - VX —ADH%E] 2-5 AE2BR.

6) INV - NAX—A ORROFEARRIX, BRORELPLPRRDIHEN
Hd. RXDRLELBROREVRRRIBE, AXTRHROBEARTIEE
BLT, BARBNICKREL, BIREXOREEZRT. RO, KX T, Aaa
+Bba=Axx-+ Byy. Johannis Bernoulli Opera Omnia, Tom.3, 57.

(7 FFHEFRITIEGEBR.

(8) “Theoremata selecta pro conservatione virium vivarum demonstranda et
experimentis confirmanda, Excerpta ex Epistolis datis ad filium Danielem,” 1727,
Johannis Bernoulli Opera Omnia, Tom.3, 124-130; “Nouvelles pensées sur le
Systéme de M. Descartes, Et la maniere d’en déduire les Orbites & les Aphélie des
Planétes,” 1730, ibid., 131-173; “Meditationes De chordis vibrantibus, cum
pondusculis aequali intervallo a se invicem dissitis, ubi nimirum ex principio virium
vivarum quaeritur numerus vibrationum chordae pro una oscillatione penduli datae
longitudinis D,” 1728, ibid., 198-210; “De vera notione Virium vivarum, earumque
usu in Dynamicis, ostenso per exemplum, propositum in Comment. Petropolit. Tomi
11 pag. 200, Dissertatio,” 1735, ibid., 239-260; “Essai d’une nouvelle Physique
celeste, Servant & expliquer les principaux Phenomenes du Ciel, & en particulier la
cause physique de I’inclinaison des Orbites des Planetes par rapport au plan de
I’équateur du Soleil,” 1734, ibid., 261-364; “Solutiones Novorum quorundam
Problematum mechanicorum. Excerptae ex litteris ad Filium Danielem Petropolin
datis,” 1730, ibid., 365-375. Z® 55, 1730 £ED“Nouvelles pensees” & 1734 £
D“Essai”lIENDBEA N =X LEZHLIELDOTHS. Zhb 2RMOAEFR
WMBFTIZOWTIX, B8 Many - _UX—ADH%E) -6 BE2BR. £
£, BRSNS “REFR” 2ESBEZSUHREN 2F\FRD AT
%. Johannis Bernoulli Opera Omnia, Tom.4, 253-386, 387-493. Z D 2 fmD#mE
X, EBo b 1T EURICEZ Loz bDTHS. 2D H, 253-386
HiZRDonmEid, 1738FETH3I0BMAALT—IoDEMIZERLT
WBNT, B LY I FLURICEI NI Z EBGHD. bid, 293. -,
387-493 HIZIN® b =B IZOVWTIL, HE(66)%BHR.

(9) “Meditationes de chordis vibrantibus, cum pondusculis aequali intervallo a se
invicem dissitis, ubi nimirum ex principio virium vivarum quaeritur numerus
vibrationum chordae pro una oscillatione Penduli datae longitudinis D,” in Johannis
Bernoulli Opera Omnia, Tom.3, 198-210.

10y by —XFNix, [AA 5 —%%(Leonhardi Euleri Opera Omnia)] IZ ¥
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ERARZEOFT, BEHEOBHEZRF-LRO/NMRENCE L TRAICEHS
HRZhZNHRE] THDEFML TWS. Clifford A. Truesdell, “The
Rational Mechanics of Flexible or Elastic Bodies 1638-1788,” in Leonhardi Euleri
Opera Omnia, Ser.11, Vol.XI, Sect.Il, Zurich, 1960, 132. %72, RH B M. John T.
Cannon, Sigalia Dostrovsky, The Evolution of Dynamics: Vibration Theory from
1687 to 1742, New York, 1981, 47-52.

(1) BlziE, Py A—XTNE, TORITAVLRTWAEARFRZ, B
REOBRAFH IV —REFLRAETHD LW L 2MALLH, £0
KEMBREIRTTAIZIEE 5TV 3. Truesdell, “The Rational Mechanics of
Flexible or Elastic Bodies,” 134.

(12) 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, XXIX (1992), 703-744.

(13) Ibid., 713.

(14) Ibid., 724-728.

(15) Ibid., 727.

(16) “Chorda vibrans ACDEF &c. cui ad distantias aequales affixa sunt ponduscula
aequalia, C, D, E, F, &c. in eam se componere debet figuram, ut singula ponduscula
simul perveniant in situm rectilineum AB: unde sequitur, singulorum velocitates,
adeoque & vires acceleratrices, proportionales esse debere longitudinibus
percurrendis Cc, Dd, Ee, &c.,” Johannis Bernoulli Opera Omnia, Tom.3, 198.

(17) Cannon and Dostrovsky, The Evolution of Dynamics, 47.

(18) FIxIE, TEAHZE [FHICET 5 EBMGEOHE—DRIR] LRELTVS.
Johannis Bernoulli Opera Omnia, Tom.3, 58. ¥£7=, [EfEtEDERI(la loy de
continuité)] ZHBENIHA L TV A BB H 5. bid, 9-10. = 5 L7=RBLIC
X, 4 7=y YORERRLNS. HlxiX, P.M.Harman, “‘Geometry and
Nature’: Leibniz and Johann Bernoulli’s Theory of Motion,” Centaurus, 21 (1977),
1-26. B [any - AAX—AL DH%¥] 2-5HEHBR.

(19) “Sit z = altitudini verticali per quam grave libere descendens acquirit velocitatem
aequalem illi quam habet punctum L quando pervenit in C, quae velocitas adeo erit
= z,” Johannis Bernoulli Opera Omnia, Tom.3, 200.

(20) # 2 IX, Thomas Hankins, “The Reception of Newton’s Second Law of Motion
in the Eighteenth Century,” Archives internationales d’histoire des scineces, 20
(1967),45. ANy - NAX—A b, BRERTROMELZR L EIC, X

U UABIX CHTHEHA LI L 7= A& DR (hypothesin communem a
Galilaeo primitus introductam & demonstratam)| & &V \TV\%. Johannis
Bernoulli Opera Omnia, Tom.1, 191.

(1) XX TiX, Lz=(a*: b)X P. Johannis Bernoulli Opera Omnia, Tom.3, 200.

(22) FASCTIX, ap : 2Nz=pVb.L : 2\P. Ibid.,200. BRBOEHIZ OV TIX, &
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ANVRUEREIL IO TWE. #lziX, Joella G. Yoder, Unrolling Time:
Christiaan Huygens and the Mathematization of Nature, Cambridge, 1988, 48-61.

(23) XX TiX, 2V(D.P : AB.L). Johannis Bernoulli Opera Omnia, Tom.3, 200.

(24) Ibid., 203.

(25) Maltese, “Taylor and John Bernoulli,” 727.

(26) «...vis trahens punctum L versus C semper est proportionalis distantiae LC,”
Johannis Bernoulli Opera Omnia, Tom.3, 200.

(27) “Sit x altitudo per quam descendit, v velocitas in sine descensus, # tempus
descensus, M massa ponderis P; erit M X g=P; gdx:v=dv, adeoque 2gx=v,” ibid.,
203.

(28) #il %X, Michel Blay, La naissance de la mécanique analytique: La science du
mouvement au tournant des XVIF et XVIIF siécles, Paris, 1992, 180-221.

(29) #ix.iX, Johannis Bernoulli Opera Omnia, Tom.1,474 Ti%, Wb 3 [Hil
HOYRIRE) 2L iz, TOBRKEESTVS.

(30) #il x1X, Blay, La naissance de la mécanique analytique, 280-330.

(31) JRXXTIX, t=V2x : Ng. Johannis Bernoulli Opera Omnia, Tom.3, 203.

(32) RXTiX, pVD: 2Vg. Ibid.,204. EAEZIF-PEIC L B9 (7 A FEL
HEDOEBOHREZMIBELIZDIXFA A~V A THS. fixiE, v4 V.S -
vA—=4 [BRICETIEF] (4 ARAMWMR) FIR, 1982 4, 191202 B ;
Yoder, Unrolling Time, 48-63. HEXHD ANV « X)L X—A H ZOREIZERY
¥ATE. BlZIX, Johannis Bernoulli Opera Omnia, Tom.1, 187-204, 242-249.

(33) “Tendat punctum F ad C, viribus quae sunt proportionales distantiis FC;
demonstratum est, undecunque punctum F incipiat moveri, aequalibus semper
temporibus percurrere distantiam FC,” Johannis Bernoulli Opera Omnia, Tom.3,
204.

(34) RIXTIX, fX(a—x)dx : v=dv. Ibid., 204.

(35) Maltese, “Taylor and John Bernoulli,” 726.

(36) Johannis Bernoulli Opera Omnia, Tom.3, 200-203, 208-209.

(37) RXTIX, di=dx : \f(2ax—xx). Ibid.,204.

(38) X TIX, p: 2Vf. Ibid.,204.

(39) X TiX, 2aMg : b. Ibid., 204.

(40) FXTix, pVbL : 2\N2gM. Ibid., 204.

(41) X TiX, 2V\(DXP:ABXL). Ibid.,204.

42) #1LIZ, BE any - _AAUX—ADHE) 45 BB R,

(43) “prorsus ut in solutione praecedente per vires vivas eruta,” Johannis Bernoulli
Opera Omnia, Tom.3, 205.

(44) “De vera notione virium vivarum earumque usu in dynamicis, ostenso per
exemplum, propositum in Comment. Petropolit. Tomi II. pag.200,” in Johannis
Bernoulli Opera Omnia, Tom.3, 239.
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ponderum in quibuslibet locis B & A?,” Johannis Bernoulli Opera Omnia, Tom.3,
256.

(47) Ibid., 125.
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ibid., 257.
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(51) Ibid., 258.
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prioribus singulis ad amussim conspirare deprehenduntur,” ibid., 256.
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18 A HFEDERFIRD (=2 — F L OEHK] [EXH%] [ZXAFX—H
F] D3IDNIEZFEINTWD. BED [ZXAXF—H%] LiX, BEHRFRI
ERWZAFDOZLTHS.
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(66) “Johannis Bernoulli Hydraulica, nunc primum detecta ac demonstrata directe ex
fundamentis pure mechanicis, Anno 1732,” in Johannis Bernoulli Opera Omnia,
Tom.4,387-493. #a3C KA%) 13, B1ER 1739 FIZHRL, B2 HNE
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“Conservation Law” and “Acceleration Law”

in Johann Bernoulli’s Mechanics

NOZAWA, Satoshi

Abstract:

The author considers relations between Johann Bernoulli’s mature researches on
mechanics and those derived from Newton’s Principia. Johann Bernoulli has been
regarded as a “passionate defender” of vis viva (live force) doctrine. Central to his
researches on mechanics was an attempt, according to many scholars, to show the
superiority of the vis viva doctrine over the Newtonian principles of motion.
Reexamining carefully Johann Bernoulli’s theory on vibrating string (1728) and his
paper on mechanics (1735), the author discovers misinterpretations in these views of
Johann Bernoull’s researches on mechanics. While both the paper of 1728 and 1735
have been considered to be based mainly on the conservation of the vis viva, the author
shows that each paper offered two solutions for one problem. In these papers, Johann
Bernoulli uses the conservation of vis viva. In addition, he also uses the acceleration
law derived from Newton’s Principia. Johann Bernoulli does not claim the superiority
of the vis viva in these papers. Rather, he develops two solutions in each paper for
examining the characteristics, structures and relations of the two solutions. The author
suggests that Johann Bernoulli did not study these two solutions (conservation of vis
viva and acceleration law) exclusively, but he was aware of the relations (although
insufficiently) between them. This analysis aims at offering a comprehensive view of
Johann Bernoulli’s mature researches on mechanics. It also provides an alternative
view for looking at the prehistory of law of conservation of energy in the eighteenth

century.
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RIKICBITEXFEE: TOER

Female Students in Tokyo Institute of Technology: From Early Years to the Present

RiRARRE'
KATAGIRI, Maika

m=

FRIERFIIAFET I EMIE, KEORNNZMDOTHBLRFELARENS.
XL, BECERIKICEZELELKFFEERARDZLICL-T, EEDS
BORALERE, SOICREERDOEEF~DOTRREELIZLEZHNLE LTS,

BHIORIRKOLFEERZBEL, DI _ADEELEIZS VI a—%1T
ST, NEORM, FAEATE, REROEFREYBORREZ I LD, £,
BADEFHEERLOEBL2HBEICE LD, RILKOLFZECHET HHER
DHE Lz, thoR%E, REOXFEOH LB LRS-, K1 [HRITEKX
ZOFR—ELFHR L EROMR] CRT LI, BHRUENLBERETEZE
DOBERIZHT, E1~TEICE LD, FLT, ELKICAET B LFHEN,
AZHELOBREFORVWERERIZBWTARBLARVERIX, BRERXKTHEZ
LIy, L oRZRBSELETIEMBLFITERNADLLTHEINLTHD
LREROITI-.

IELBHIZ

EHEII2004 F 4 BICRRTEXRE UUITHERIK) ICAZEL, BE, TEHE
BEERO 4 ERIZEFZLTVWEILTFEATHD. 2EREERITEBREER
TR L7258 AD S bt FHEAIX, BELZED 2AITRER > BI—A
DEFHER 2ERD ) BITKE~EKRLRY, BHEIIRZE CIIHEBBREIER
KR TA2M—DRFFELROTLEoT. EFIZINETHELRL, K
FORBERCHANEREZE L LBBAZMALATE L. 25 LEBWISERR
EREADLELBIZ, BREFRFREEL LTOHEALRLETWS. ozt
PRIKIZAZ L EERFREACBELEF X oNTERoT.

HIE BAOXFESBELERIEXY
BIM BOXFESHET
1886(FATS 19 RS DFEKRESIC, KFAROREIEFE I o7 LAL,
AFEREBEFRELEIIRE 72D, KFRFELFERRFICAETE L
XTERD o7, —F, REFIZLLRVWLFREHFTHBE LR LI TEY,
1874 (BAIE 7) RN ORR L FESMBEERIILFHEOREETH-=. R
BRE2LEOBRFLLUENBIRLED, EEBECFEOEAN D ERIHEFEHZLL

' AR T ERFTHEMEREIER 4 EREFD. ARL, B BEEsEokEDD
LIZXBREIOBETHEL-LERE— %, BHELELOTHS.
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ETRITNIEAZZIRETHY, EEICHKEMATHo7. 2

KERRIZAD L ETFOAZEZRBOIGENFERZICLBE . TOERIT
EROTEOBREIEFEKRETHS. 1913 (KE2) ELXFEEOLEMZERIMNE
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ElgERE] OHRIZE > T, BEEND L 5Tk oT-.
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HBAIZOWT, TAY AROBRIZET 2 -ICARINEEER 2 AF L.
FULEYa VREEAICETRERNT, I— - A0 FREEEE, KEMA
XEFEIABOEEEBE/RER, N——bF « 7—N_—KXHEHEXEE T 1990
FEIZABENTER N R = R=1R—=REThD. BRFHICETHEENT,
ROAL b s TAEBUNT—KGEBEREETROERZFLZLRESHECERES
ORFER L, ENAXEHENFTBROEBEEBERERT, L HIZ 1990 FR%T
AR SN, Zhicxtl, BARRIOEREENX, TLEYa V% REN
WAL HBICHRFHIN—TOBEELOBREE THoEBAFHBEL, £FE
BEHBLTWAEER (UITTI, £LEHXE) Tha.

TAVAROERNT, T AV AROBHAALEEN, T E TORMMUL EICE
B THo=Z &, £/, GHQ, AERIDEAF, X 5HIZEMHHEIZESZ R
DEFLEZEEZRLTWS., IhbD&EHE, 72 W AIOES 2 EIEWN 2
MBENOHL, BETIZLEARELE L.
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1. 7AUYHDOESEERE L TOLER

TLEYa Uk, B TARFHELEBIL, TAYVIOEFKKD 1D
THhHLEBKRE KREREFRZF-oTCWE. TAYIIZBIT 308K, FK
HRKBIZAD L, ZORENZFIIEZ LN, DEBROBMIT, %
REEREZITHELT, AL ICERIEMICED R LBENDRE VDT 2 LiThoT.
DEBIZIE, TH] (AK) - TR (%) - [Ke) o3 BREOKER DY, T3]
VSRR, BHREZARAREREL L TARICEBIVI I LEBE LT Y
YHT, VOAIL X BEMEIX, TORERN2BITHoT=. Zh LItz &)
WSEEIL, BOXEOEER EOFRERFERIZL > T, ARIZAHE - BE -
Bz x5 L2BELELOTHok. (KA OMER, 8], TRl ©
PR LD THo .

DEBEPOFHELOHR L LT, 1942 4E 2 AIZ VOA HEMNIERIZHLE S
n, 6 HiZix TA) WEREDEREESRAE (Office of War Information, OWI) H33%
BEhi-. VOAIZ, BEHDIZ, OWILIZHTRT % XEHFRIT{LT (United States
Information Service, USIS) D T TR &N, GERBICASD &, 194841 AT,
FEBHIHRT D2 OFRIEB OB L LT, [RIR-LV ME) A
HIESH, VOA ITHERIMERZ 5 X bh, VOA (XE /25 B4, EHEEEHR
BEBBE~LER L.

1943 £ [R) WHREZ 18 5 BFFEIE R (Office of Strategic Services, OSS)
BREINE. 19477 B2, BBEENIC, BB L EHRE OEE 2 #B(LT
510, BRTERESE (NSC) BNEREBEIN:.

E D%, 1950 4F 6 AICHIEBENPR TS L, KEBFOAKN R UBEHE
FHOEEIL, ThThBEICBHEIN. BESELHE S L LTI, 1953
fEITNSC ONEEAI & LT, KEE L fite L THEAMERO L BRI IZBI L T
R OBEHRI 2 RE S 2 /EEFIEZ B S (Operations Coordinating Board, OCB)
BB I,

1953 4 8 AiZiX, KEEHS (United States Information Agency, USIA)A3g% 3L
Ehiz. USIA DEEIZOCB ORIz L > THEL &, BITT L EY a Uikt
BRI ND L, TOFEWHEBILBIE%2ITo7. & HIZ, NSC X, #ick~3
JRFAEEIZBE LT, 195343 A2, XENSCI45 12k Y TEAMRFHRE
DA% ICHTIHEEERTILICkRoT.

2. AU hOBEERK-TLERKORER

beibe, TUVEDERIIAXEVIADYay - R7—MNIZEBHOT, 1925
FIZo Y FUYTTLE Y a VIREDOABERIZERII L. 1937 EIZixEER
405 K, BREBEEH S0 74—V FOFRDN, 4 XV ROHEMERL L TREX
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n, 7 AV AT, 1931 42 RCA (The Radio Corporation of America) 2% % FF
ERBCEZBHMALE. 1934 FEICREICBELERZTOMB L L CERBEZER
4 (Federal Communications Commission, FCC) 83 &N /=, 1941 FEIZEER
525 &, BGEEFI 60 7 4 —V FOFRR, TAVIDOT LV EOHEFEREL L
TREXNE.

Bk, 1948 4211 BiZ, RCADOT ¥y K« ¥— ) 742K (David Sarnoff) i,
My—=V KEHEIC, GEHOERELREDT-DO S a—LVEFERY bY
—IDTATTEREBL. TOTATTIX, TLvE, BELREODERERE
EREEEEORIVANKBU AT LA2EEERTELDOTHoT-. Fh, =
T, TLrEYVa ikt BERKROMA L HICHER L OBRSRENT
Wwa.

3. DERO—BELTOI—L-LVFD TESaY-FT-FAYA)

TAVINLDOEEDT LE Y a VIKZFEAICE L TEERADE LTRSS
T5013, HEHBKOAELOHR) LEbNEI—N AV FTHB. AV b
%, 1938 SEICTREBBICYURL, TO% 1948 END BEETLREER 2B D
7o. ZOM, 1947 EENS, _NVY v - i PHAKHT, TAYU DL ViE
EDOFMBEIL L, BITEEZREOBRKICK RT3 720 OEERA IR BRRE D ME
it O el

AV MY, VEOEREITHHETHRRDOFEN, VOA ICEMREREY 5 X5
TLIZHBEMEEL, 1948 F£iIZ [RI R - AV bEE] ZHIELRZM, VOA IX
FO#HL VEOEENRGELZITRITE. ZOHERE, 52 MIVOART
NRUVFFEE LTHETBOIZR T+ THD ERBEBL, FVFTEBIHLWVWE
BOAT AT THHRTVERHEIHBBEZED, XIX - AV MNEOKBRELZILK
FTARLELT, 19504£6 B 5 H, AV MI%E 81 B LRESICBITAS Y
avF7-TAUA] HWRT, TUVERKEZRELE.

LY MIBEHET, TAVIOAREEOSLEADIEB L LT (1) EE, (2)
B, () BHELEHzZzZETEZ. Q) JHEABRKORLEELERT, B
RTunRH U F &L BLEES (psychological war) I E A LTEE 0D
T, ZOERILEBFODICRBYHET I LEROBMEZRLTNS.

DHEBEORBLELTAVIMBREBELEZEOBTLEERTHS. Hix, RSP
TERD [HE] 2FALTVWARERETIE, SP4 (BETHL) TIBRARXD
D, Zhdbik, VOABYENLZITTWAHEFTARHRT DI, =
NEBxTLE (BETR3E) OBRIZEAT, RORT v FOEEIEELE
THHLEHEALTNS. LT, ZHBFEORRNL, 1 Ho0Rix 1 HED
MERH B LFXE.

EHIZaRMNETHLEENTHY, BEAOHEIZOWVWTIE, (1) =R b 460
7 RV (B-36 1BEH 2 #5I1CHY) 02ENRRXY FU—2 T, (2) ERIZ
EHER, HFIC 22 obFEEERREL, BENLBELRRLE.
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FMIE, SELEREER FAVIE, ELICHATRENMMIOBERLZES
A58, BEEBH~OEBREZEZERTIETOLObNIIAER AV E2ES-T
X blene, SEEICHLTERLI LT IE8% RLE. £LT, BEXT
=y A——BEL+HIcar be—ALLTRY, HEL+HLEEXBZDT,
COHEZREICHEL THLARLIRTH S ERR, BERIZHLTE Y biTHEE
BICEM e BB 2R L.

BEIZLV MY, FX, RAR AT - TRAVAIZ, TEYar 47
TAVA) MBI LE2RETH. £ LTRITERMZRZ O [see bomb] D
HEEFUSE, RARROESEREOMBHORELICHTHZ L ETFE LV
LEEDLLY, TULENHKBROBIICN L THERRKRAZTESTEAT AT THD
ZEEEHFELE.

eVary A7 -TAV ) BEEZXXEADELTIE, AV FOBEHE
RO o= BEHREROEFEZEX -V — /) 70Mtuz, ~ U — &
— /LA —%  (Henry Holthusen) , 7 4 U 7 A+ &x—/V A7 v F (William Halstead)
B, F—NVA—t 3H## LT, BRICEBRARZASOBERLRY, B
EEDTLVEY a VIHEBADT-DIZEB L. F—VRAT vy FIXEFEME
T, BOEHRa YL I L FO2=FAOHE THoTz. TD2A1X E BT,
BICAET L EHERAKRASE (NTV) OF L EYa VEEAICEFELT,
AP NEZ P LTHREEZITTRBTEZ LIRS

4. BROBEDTLE D 3 VRERARORHA

BARIZBIT AT VEHERIX, FRHERKEA»D NHK REIMERR 6
XoTITbh TV, Ak X 512, REE®, GHQIXT VEMIREZE LI
BIEL. 1946 £ 7 AITiX, TOEESIZIEL bEHE I, NHK X 11 Ai
BT VEHELZBEME L. 19504 11 BiTiX, ABGRICABZ L #BERT
AVAEFREEAL, FERS2S A, BREEED S0 7+ — NV FEEA L TER
HxEE BB L.

—7%, GHQ DHEDERELEEICL - T, BRI H LT L E Y a VikeE
DEBOBENAEL, 194994£10 8 6 BiZ, 3BELEEDOEHETHHT AL
DEXKFHEDEK + 74+ —L (Lee De Forest) iX, BAEADKATH -7~ b—F
—FRFEDOE)NFEIZ, BERTOTLED a VHCGERBR I 28D -, &H)IIEH
REFMHEEDOENCHELELD &, EAZAEBIZS & ZiT-. ZhE2ZTT,
KeTzx—Uix, v~ v I—HP—icTFvETa VEERRIICE L TEADEBM
EROIEFEELHRH LK. Zhizxl, 11 A5 BIZGHQIX, ZOREEZH
Tl Zot%, 1950465 A 2 BIZERK 3 ESKEITESh, ZhicESE, 6 A
1 RICEBREREZEBSARIIINTN, ZOB, TLEYa VBEEBBIZOW
TERENBZ Liddot-.
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5. LY FRERBOBE

AV FOEHE, TAUVIEANT, TEVary -7 - TAV B OERR
MERBE~NDT VLY a UHGEEAIZEIT TRA RBIX b oT-. AV M3k
MRAREELDPT/INEELZHMEL, F—NLVA—t b LE#EL - THE
ZEDTWo Tz,

LY MIERDOVy h—Y—IZEROBEZIEX, BEATOTLEY 3 Uk
EOERIZOWTHZ Lz, ThiZxL, v vb—3—i37H 1 BiIZAaY hZ
BEE2%-. vy I—Y—i3, BAABHFOFTEIEN, BENERZ 2T
TR LV HEBEDOFHMNG, AV MORBEZELICEEKILTEZ LI TE
BRWETAYVIWOEETEDHEAITIITENLRRBELRLE. i3k, vy
A—P—iX, TLEY a VHEEAZDOLDIZOWTIIHEB T, TDOAT,
49 10 AIZF - 74— U RH LE-EREE~ORL L IIMBHTHo 7=, Y
B, EHRXABBHROFIZHY, F-EEERERLD X S RBFBENREE
Lotz Thotz. L L, 1949 £4E 10 B iZiTH#EARILFE SR
L, $72504E 6 A DR SFHDRE CTREBRRIIKRE < Ebok. 72U Hiddt
ERBRNCHR L TCREERBNEIEKRTH720DIT, VOA IR BN R T a8
Ho FEEEY BULELIRoT-.

TUERy hU— 7 HEBIOERORET, = P=TDKR—NVRAT v Fid,
ERERICHEEII~Y T U by THFROTATTEAR L.

H2E BROTLES 3 VBEDRA

1. EAFHOEREBROBE

Ay MEBOERKIC, 4k NHK OFHREZEEZ LW EABHIX, BRI
HLABEOINOEBROEELRERALE. TLEY a VHED BHA~DHEAIZD
WTIRED LA 5, EMIX GHQ IZX LT A Y ATk 3 EHEHEAITITR*
DIEEZR L. TVEHAZT AV VOEETHTETTIILIINT IR
SHOERIL, FRO~ Y H—P—BLY MEOFROB TR LEEEYE, FL
<H—HLTWE.

Z DORFSEMIY, GHQ O EBEREFERBOBHFLZ -, 4k, GHQ IX, &
BEEZELAORRLE RS Y, A*OBREBRKE L L CAALENLZHE
SEBHEHEZERF- TV, GHQIE, EREHEEFR L L HIZ, LHLZERREUER
MEEE & LTRITEE . FalS, EAREAEMNETEL, BAMBICESHE
DHHZ L HRTHERHD LHATHE, EHIL, HEEBROZDIZIIES
DARBROREREFEFE L TTLWVWERIZLE.

S514E 4 AICIER LTZERIZLA Y FERR L. EHIZL Y FEDORKTY,
BATLY MEREHZIZGHQIZX L TEIE LB LREIZ, 7 VEEA T4
BAABEDET, BEEZ Lo TERIERLS TEALRWVWEEELE. £H
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BZDELY b, F—NVA—FEy, Z—NAVAT vy RHERBMNMENT-. EH
%, A=V A= NZx L TCEARKEOABBHROMRELEFEL, HODA
A~DOPFELREL.

2. kBT LEaVYILE Y FDOXER

IDZADBEDTLEY a VHEBEAIZHIZ-oTOT AV HOBERL,
NTV, IE/, $HEECET & - ES, TAVIOT7—A"—KEENEHE
W2 IR— NV A= R—=R—] L LTHBEINTWNAS.

R—=NVRA—F L R=_R—i2LBt, 8HG6HBIZ, EAXEXIZHEBFIG
AWBRD O DOREREZ T, Z0%, 8 A 10 BIZEARX, dF—AR—k,
F—NLVRAT v R, &bz, BEOBEHED Y ANV F — - F AF 2 X% — (Walter
Duschinsky) ® 3 A2, T VEY s VHEEADa L& b LTERD
FEHORBFEREEST-. EANLRAFLZT, 3 AODTAV DT LEYa v
BEEADaYALZ B, 8A2B259A8 15BETERALE.

ZO/, 826 BiZ, EAEX, TEERT L EHERGISHAIIEER) %
B LEBOBELZEL . 28 BICRERERZRAS L OBURIVRBE I,
ZOBTAYAANE, TAVIBRBEBRERICTLE Y a VERY T —
JEEATHAEBZLTCWELZ A, BEANLBREMARRESRINTEKAIZ
Eof, LEBEEHRAL, 7AW 2HT THEBHZR ITE) 21752 L&
FALI, A—NZA—F L, 9B 4 BICTE257C [FLEYa UIREEE
il OMEEZARLE. —F, EALOBIXIIX LT, NHKIE, FH, E
HIZBEE LR IC B A ZE RS 23R B L ERBHOMAELFHLBE L.

BATRZRAICE L TIE, A=AV RT vy KRBT TIZEEROFE O % i
LTWe. Zhic kv, BARORHEI, RRICEMBERILI-®, vV
T by 7HREBRALT, IWEHE OB RO L2 42 L TIWTENS ILUTE~
JL—LTRBIEETLEXY NTV—2%2FRTILVI D THoM. [F
LEY a UHGEEEHE] XIhCESKERETHo -,

10 A 11 BiZid, NTV IIBREREZESOBERIIRVWERATFRFE LR
L. ZHIZx L NHK X, 10 B 27 BIZER, KR, £ 5BDOT L RDKE
HEELERERZASICRHLE.

RHEHFIZ3I AN GHQ L bEEE Lo TWEEERDHD. —@Y BAR~D
HAZKZT-9 A 11 BIZ, A— AL Z2—t U LIIREEER (CCS) D@IEHEY
BEONEY FNRE~FHREEDY, BEADOT LE Y a UHELDIZ, KESHE
HRLTWEEAEREHEOEROFTZERLE. 7AY 1A, BAROMSIEZD
EENVBOZEROLEMMEEZEERL, 7TAYIFREZRATRELEND
FHétEk, ZORRTED TWEEEX LS. KEIZ L > T VHF AEE# OF)
A%, VOART L EDIED, EFHNSH TOLLEThHoI LNHEEIND.
2B, ABEEHFOERIZOVWTIY, #iZ, ERICIXERA L LTERASA TV
WOTAEEZRLEWHIEHBAT, BARQITRIAREE o7z,
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3. YIS VVAIRNSBROBEDRE

R—=NVA—kULRHEFDI A 8 AL, $v 7T YA TOHEMENN
R Sh, BAROHMMARDONE. TOEED 1089 BIZ, 7A Y IOEKE
BEDLAERDTLE Y a VHREICETATLVRY Y —ARRITENATWS., £
ZIZIETEET, £H, AV, F—NRA—EVDLROBERTHoTZ L
WRENTWVS., RWT, A=A R—tE R, HAKCBEEROHEHTFELIZ O
TERZRAR-Z LTI, ZRICOWTOEBEOBREOHEREL M TWA.
Aoz, EBAR, TUVELEMFNEORXREOERERLZ. 7AU D
FROTVEY a VHGEEAX, BMENEOT A Y 10Xt REBRKICAE
VTV ThB.

F— VA=t U, RESE, EREEICOVWTERL LEROTHBE T,
AARDEFREEBRZESIY, EEREBRBEICOWVWTIE, Thth 525 &, &/
60 74— N KRETRAYAFRICEBIZEE LN, BRBICOWTIIRX 2%
B ol-. BEDEEL NHK X, TAUVIFRD 6 AH~LY LY EWE
NEHRD T AT~V O¥BIEE EE L.

T OFBRBEIT LTV REHIZ, NTV OEBRICEEL T, BEMEROT A Y
HRORFEEZEDay «F- FULABRBEHENVICHEN-EEZIEBEh
TV, 10 A 24 BIZEHIZEAR—NVA—FBVICERKEE->TWS. EHIT, B
MOFICLIHEROERIIEMENEDOERIZL o TERREKRZFE LB
AL, FLRADA%ZFT NHK 23R T2BUER MR EFE L=, “h%
ZiT10 8 29 BiZ, Z—NA—kVIIFVREIZ, BRAOERMBEDXELE
BT HOOFEEE ST, ZOHRT, BEDEHDOTLEZELBEEV R
TLDHENLETONBRVWEREL, ENSFLRACKEBOBEZLTHLHW
FWEFREZBENWTCE LI LRELE. 0%, x—LRA—E2i%, 10 A 30
AOENBOFROF T, FLVRAIEBXB2ERB L1k,

AADEREBRZBLIT1 BIZ6 AT~V YDOREREER L. LT AN,
FORDOBRBIIBEMESE 1=, BE 1 ACAD LEREREZESIE AET LY
Ta UREICET A EREX) BT ARESEBVWE. £LT, 2 A28 HIZ
—HEBEREREZRLITI 6 AT~NVYFREZEA L OO, NHK RO &SI
S —BERT~DOBITRELZ HIT T, T AT~V EER L. ZFD%, & 51T,
4 15 B OEEELSAE . LA L, BRI, BLWEROXK, 6 8
10 BIZRE@EY 6 A~V LRESNT:.

EANTII 1952 FOEREREBLSTOFRIIL< HONTVESD, F—IL R
—E U R—R—=THLID X I, TAYIAIZFEOTR—NVZA—E HDE
AEENOT CICHERERELZ T AV A FRETHIDDOERLEL TWEZDTH
5.
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4. TLE Y a VAR ET A ) H OFEE

AEADOT VEY a VIGEOBITERED Y b, HEIBIZOWT, BEREERZER
£0%, 5246 A 10 BIZHREANCT AV B FRD 6 A H~NVIITRE LT,

WEERMICIX, NHK 2353482 AIZ, NTV i, Thhb8Nh T 8 AITHE%E
Bl ZDZliX, TAVAFROT VEEN%Z, NHK bZ T ANTZZ I
XoT, NHK #8Tr BADT U U HGEEM &N, 72 U I OARTEE EOH
WERBRIZR o L 2R LTS,

BOEBRRS | SEE D 1954 5B, 7T A Y W OEB#BREIX, BEATOTLEY 3 v
HOEBRIRIZOWT, BEADOXy FU—73HEIX, BEERT LY, &fF, KU,
V—F—BREKAELEZLOT, EENRHMNS, Ry FT—J73EBELLL
EThY, BRONEHKFZHERL, EFRHIOWMICHFESL, EHIT, A
KENOBREZFIEDICAKORBENEZET 7255, L EERLE.

CDOFMONEIL, F—NVRA—EL 53 ANSIES HICKE LERAILE
MEINTERELDOTHoTz. AV MOBBRBIEERICIKHILTS7-, VOA I
RO2EBNLBEREEELBENE Lo, EBFRELELTUL, 0
BEOEENOELZAXORBOBZ2HIBERTHALT, BERIZITAY
AFROT LV EY a VIEOEHREELZREASE, ThiZXk->T, BREUH
KIZBITBTAVIOEERKOLELLEHELZOTHS. ZOFEEL, B
ZRIOBEFREOEENRE > b, TAYIBFIZLE>TiX, BA~NDTLEY
a UHBGEEAR, EEREO—RLLTCOAEZPAARICKE TWLZ &%RL
T3,

5. FEH—BEDTLED 3 YREBADBNIXfFEIHN—

BEARDOTVEY a VHEDHEAI, 7AYINE KRR KEEDK Y HE
DD, HLVBHEEH ORI EHERE L TOZRHRICED b=, TAV D
XV E - ZREBHITHRT H-D0EHHEE L U CLEERMZHE/RLE.
FDH%, TUEEROREZIZHE, I—1 - A MIEBREEST TEYar -
A7 T AVA| OERZITV, BERREOSEE~DT L E Y a VIKEHA
WEZIRB L.

REBICIX, BEROTLEY a VHEOEAIZ, TAVILLOXBEEWD
BT, BMONTVOHEE LTERBSNEZ. ZhICEL, BAOEREREZR
£i¥, NHK, ENEEDORFZ L 21bbT, EifEBIZ O WTIXT AV
KEFA L. ZOERICIE, BMEOBRIEDL, 7 AU I HFROEFEEOR
RIZE->T, BRCOEFEFIOREEZHELIZNVE VI T A Y RO BEH
FIELT-.

LHL, BEROIENGTEE, REEZFHEO T uAT U FEBiwbrAV b
BEZOLDEZERLE-OTII o, LLAEADICE 5 Tit, FLEE
LW BMERERTAFEL LT, o2 MEHIZ, BBERLAATRZEY
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DES>T-DObENRV., BEA~NDT LE D 3 VHGEDEAX, TAY ARG
BYOETRBICHNTIO0EROFRL LTT LERER LTV ERICT
b, TAV IO BARBROT TRASNI-OTHS.

BIR TAVIORFHRELEX—FH

1. EX B4 L RXEABFO KRG

BR%, 19524E4 A 28 HOH U 75V L R aBREARORMZL-T, BAR
DOEMBRELIIEREIN, RFHOMAEREL BIET WL 20 08hE B4E L.
ZFOHE—IL, bo bt bR EREMBLEZBAENRESBE CHo. B, &
EREILO DUERE TN —T T, 1954 D 3 BIZRFHFEDH EICRIh L=,
B2, IRBEFHEEBR RS TEEIRKBROOHREHFH I N—TThoT-.
1955 EDOFE=RBILAMT, EAXRFAMEEYOEBKEICRELZZ &
PRI, B_OBERIN—T1X, BZOIIN—FITRIREN. EFET
X, TAV DL OBBZRERELES - TCWEB=D I/ V—FIZERL, ¢0b
T1954 E3 AOEXFBHENLD 1956 FEZAETDT A Y AN BE~DE
FHEAZ D IBRBRELZRNTS.

AA~NDT VE Y a VEDOEAIZEbo 22BAHRIL, T AU b & O
ZHEET BT, BARDOFREFAHEAICHLEDLSZ Licholz. M, EXx=
B, [EICEE > EANORKBE L ES L RKRBIRICIHT 5729
2, RFHOEMARABRLEFERIN—TORFABEOPLITER -, %H
DIEEZL-TEZHTEIEWVWITER, ThaRBELELBOLEENATVA.

COBMIZT AV X, 1953E1R2A8HDTA BN —KKEDOEET
O TEfMOOORF) HRZ2REIZ, ERICRAELEZEF=EE~oxuE
LT, TAYVHOEBRECEEENE TS, BR~DORFIFHEAGRPEHAL
TWa.

TAUAIX, 195443 A 1 BRAI, BRFEEY—V Y LVERO L X =R
T, KB [FS5R—) EBREITol. ZOERICL-T, Bi4ED 10 BIZEEE
Tz IMERRKER) A THREL W/ niBEMERLEELORMAR 23
VR, BAKREREELZITZ. 3816 B, 7TA YV IOEBEIZER
F$1Z B % (Atomic Energy Commission, AEC)& & biZ, MREBORERY, —&
OFRIEEEBRY I U DT,

INHDBE LWITLT, EFRENTIE, Z0FHICLD (KK 28
THEEREC TV, 7—ZF(G. B. Erskine) BB REMEEIX, 3 A 23 BIC
AR ERLERESE - (ERFEZES (NSC/OCB) 12%0, ZOFEMHE
EEBEO T AU A IHAEND Z LT 2E@ D, BARTORTS
O TEEENFIH] 2RE L. EONERENLRAT, BARA~DETFFEA
WZBETAT AV IBEFROBROIIDERZE~T-¢EZ NS, XEOENTII,
X oHEREE, bTH ERIZEOMIC, BAROBHBLHROKRE LR
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nNC, ZOXIRBEFFOAXREAGRNRELLTW DO THo .

3 A 30 HIZ, NSC/OCB iI, ZEROHEEICHTHEARNRBREHEE L.
OCB i, E¥—HHC X A{ETBEEDERICEELZIEIL O LHEIZ, BARDA
ROEE L EERECE L CTBREHAORNZERLE.

4 A 22 BiZix, EFRENT, EX=B4%0 BRERORIGITH T 585E
BRRERIRENTZ. Zhi, BIEEFHIN—TBBbolz—#EOFE
DT AYARONL—Y L LT, BELRBREFOLEIOND. ZThERITT,
4 827 Biz, E¥4, Ef5#4, AEC, USIA O&EISHEEZERE L.

2. RRItRORFH#ELSa Y - KRTF VRO TRFHT—F

-F50]

BRI OB X L33z, 7 AV I TIIRMA¥ORTYH, ZORKICET
HOEFF B2 HETIEEZNAE LTV, £2ETE¥SHEES (National
Industrial Conference Board) i%, 1950 ZEDFHH b RFHOEFF|RIZBE.L%
FE, A¥EF L AECBREFICLZESZHVWE. RICTHTEHFM N —7 L BE%
RRODZLITRD, V= RINFAF Iy 7 AD TV a v« R7¥F 2 Z(John
J.Hopkins) #£ERESEIX, ZOLFEOF T, +oRELLBEBHRE NN
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The US Foreign Policy and the Introduction of Technology
to Japan in the Early Period of the Cold War

—Yomiuri Shimbun and the Introduction of Television
Broadcasting and Atomic Energy to Japan: 1945-1956 —

OKUDA, Kenzo

Abstract:

This thesis discusses the relationship between the development of the US foreign
policy toward Japan and the activities of Yomiuri Shimbun, a private daily owned by
Matsutaro Shoriki, through an empirical analysis based on newly found US documents
relating to the introduction of television broadcasting and atomic energy to Japan from
the occupation to independent periods and the files of Hidetoshi Shibata, Shoriki’s
right hand.

The US government utilized televisions as a mean of psychological warfare for the
military purposes against the communism in the early period of the Cold War, and then
regarded that Japan’s adoption of the US TV standards was important as a part of the
strategy for Japan-US alliance after the independence of Japan.

Regarding atomic energy, the US government started its international policy on the
peaceful utilization of atomic energy with President Eisenhower’s “Atoms for Peace”
address at the general assembly of the United Nations in December, 1953. The Bikini
incident soon after that made the US government fear the emergence of anti-US
campaigns by the incident and start special counter-campaigns for the utilization of
atomic energy for peaceful uses in Japan. The General Dynamics was also active in
introducing atomic power to Japan independently of the government.

It is argued that although activities of Yomiuri Shimbun’s group were considerably
remarkable, the introduction of television broadcasting and atomic energy was strongly
influenced by the US foreign policy toward Japan and was realized within the
framework of it.

The evaluation about the development of technology in postwar Japan maybe differs
between the victorious nation, the US, and the defeated nation, Japan. In this study, it
is pointed out the importance of understanding of the history of technology at that time
from both sides.
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What Happened to Japan’s National Projects
in Transportation Technology?
: The Cases of STOL and TSL

KAJIKIL, Shinya

Abstract:

National projects in Japan have often been successful on technical grounds. But on the
grounds of their commercial use, they have often been failures. Because, most of them
could not be put in practical use as they had been intended. To illustrate this situation, this
thesis takes the cases of STOL or “the Short Take Off and Landing” experimental aircraft,
nicknamed ASUKA, and a new type high-speed ship, called “Techno Super Liner” (TSL).
The thesis also analyzes the cases of a jet engine “FJR 710”, Tokaido Superexpress Train
and electric automobiles as comparisons..

The National Aerospace Laboratory (NAL) of the Science and Technology Agency
began to develop ASUKA in 1975. By the time it made its first successful trial flight in 1985,
it has become practically useless as there was no longer any demand for it. The Ministry of
Transport (MT) pursued a long term program for lengthening runways or building new
airports, beginning in 1967. However, in the meantime, the Ministry of International Trade
and Industry (MITI) changed the national policies for developing aircrafts. But, regardless
of these new policies, the NAL continued to pursue the project.

The MT’s TSL project began in 1989. It was managed by a research consortium
appointed by the MT. The TSL proved to be a technically successful project. Its first trial
voyage in 1994 was a success. But it was a failure commercially. Even though its high
production and operation costs had been known from the start and came to light again after
it was completed, the MT decided to go commercial with TSL. But it resulted in utter
failure.

This thesis identifies three factors for the failure of these national projects. Firstly there
was no mechanism for effective coordination and communication among the concerned
ministries and their research consortium. Secondly there was no mechanism for evaluating
the value of these projects. Thirdly there were mismatches between the goals of the projects
and the capabilities of laboratories and research consortium responsible for developing
them.

This thesis has also proposed a method of evaluation of national projects, based on the
finding above.
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A Study of the Development of the High Pressure Steam
Engine in the 19th Century

KOBAYASHI, Manabu
Abstract:
Most of previous studies of the history of the steam engine presupposed a straight
forward transition from a low-pressure steam engine to a high-pressure steam
engine in 19th century. But this assumption is simplistic. The development of the
steam engine was more complicated.

In terms of work which steam engines performed, there were four types of
steam engines: pumping engines, rotative engines for mills, locomotive engines
and marine engines. Central to this grouping is the kind of machine that a steam
engine drove. In other words, the type of a steam engine depended on its functions.

This thesis also highlights the impact of scientific knowledge of heat on the
development of the steam engine. The invention of the steam engine was not based
on any scientific theory. The theory of the steam engine in the early part of the 19th
century was based on the so-called caloric theory. The analogy of comparing the
water engine to the steam engine is likely to have been the origin of the
high-pressure steam engine. The caloric theory and the analogy of water engine
indicated the usefulness of the high pressure steam engine.

But the caloric theory had its limits. Therefore, British engineers especially
marine engineers also adopted what was known as “Watt’s law.” “Watt’s law”
indicated that “saturated steam will remain saturated whenever it is compressed or
expanded mechanically in such a way that there is no loss of heat.” But in fact,
saturated steam expanded adiabatically in the cylinder cannot keep saturated, it is
condensed into water. Generally, this condensation was called initial condensation.
This caused a loss in heat. Even this sophisticated caloric theory could no longer
explain the efficiency of the high-pressure steam engine.

Shipbuilding companies especially Glasgow began to demand a more efficient
steam engine in the mid 19th century. The adoption of the new marine compound
engine was also helped by the laws of thermodynamics. Especially, John Elder who
was a Scottish engineer made a new marine compound engine with a steam jacket
and high pressure steam. William John Macquorn Rankine who was a professor of
the University of Glasgow led this effort.

This thesis also considers that the mechanism of the development of the steam
engine depended not only on socio-economic conditions such as demand for more
efficient engines by shipbuilders, support of universities and so on, but also on the
technology’s own internal dynamics such as the whole performance of a steam
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engine which was determined by the relationship between a boiler and an engine.
The demand for more power and efficiency played a crucial role in the
development of the steam engine in the long term. Many engineers recognized that
the high-pressure steam improved the thermal efficiency of the steam engine. To
use high-pressure steam, the engine entailed a strongly build boiler.

In resisting high-pressure, the shape of boiler was the most crucial factor. A
change in shape, for instance from box to cylindrical, made great difference in
boilers’ resistance to pressure. In addition, improving some machinery to process
wrought iron such as the rolling machine, the steam hammer, the riveting machine
and introducing steel to boilers led to an incremental improvement of the strength
of boilers.

As shown above, this study offers a comprehensive system of the development
of the steam engine, focusing on engine’s own dynamics, external factors such as
fuel consumption and role of scientific theories such as thermodynamics.
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A Historical Study of Manufacturing Structure
at the Benxi Steel Complex
—A Steel Complex from Japan to China—

KIBA, Atsuhiko
Abstract:
This thesis focuses on the Benxi Steel Complex which was constructed at Benxi
(Penshifu), Manchuria by a Japanese zaibatsu group named Okra. It looks at the
complex’s development from its beginning 1906 to 1962. After the Japanese defeat in
World War 2, it was taken over by China. There are a few existing studies on the
Complex. But these studies do not offer a good analysis of its overrall industrial history.
Furthermore, there are no previous studies that deal with its history from Manchukuo
to China as a whole. This thesis aims to analyze the Complex’s whole history and its
development with a special reference to its manufacturing structure.

The Complex was originally a coal mining company. After Okura Group acquired
the mining rights of the Miaoergou iron ore mine, the Complex became a pig iron
maker. Penshifu is the ideal place for steel making, because there are all kind of mines
of iron ore, coal and limestone in the vicinity. However, because iron ore is magnetite
poor ore, the Complex had to acquire specific manufacturing technologies such as
magnetic concentration and low phosphorus pig iron manufacturing. The Complex
produced low phosphorus pig iron which Japan Navy needed.

After the Manchurian Incident, a munitions boom occurred. The Complex started
to expand its manufacturing facilities. After 1937, the Complex became a subsidiary
company of a Japanese “political company” named Nissan Concern. The Complex
executed “The Manchukuo Industry Five Year Program”, and constructed a special
steel manufacturing division. However, because of the conscription of its engineers,
and the Japanese loss of the command of Tsushima Channel, the complex ran into
financial difficulties, and failed in the full-scale production of special steel.

After the collapse of “Manchuria Empire”, Soviet army ruled Manchuria. It
destroyed and took away a large part of machineries from the Complex’s
manufacturing facilities. It also destroyed power plants disrupted the reconstruction
activity. Next, the Chinese Communist Party ruled Benxi. The Party arrested Japanese
leaders and executed them as war criminal in early 1946. Soon, the Chinese Nationalist
Party defeated the Communist Party, and tried to reconstruct the Complex. But, finally
it abandoned.

In 1948, after the Chinese Civil War, the Communist Party tried to reconstruct the
Complex again. This second attempt succeeded thanks to Chinese engineers and
workers contribution and to the Soviet Union’s technology cooperation. From 1953 to
1957, the Complex succeeded in acquiring the Integrated Iron and Steelmaking Works.
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