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What Are Revolutions in Mathematics?:

Mathematical truth in the light of Thomas S. Kuhn’s philosophy of science

e K H
Chikara Sasaki*

Abstract

In the early 1960s, Thomas S. Kuhn (1922~1996) proposed a novel view of
science and developed his idea on the revolution in science. But, he deliberately
avoided discussions about mathematics which was not his specialty. In 1975, Michael
J. Crowe concluded that “Revolutions never occur in mathematics.”  The author was
a graduate student of Prof. Kuhn at Princeton University during the late 1970s, and had
a discussion with him on the revolution in mathematics. After the discussion with me,
he began to express his opinion implying there must be revolutions in mathematics. In
what follows, the author examines the origins of the fundamental theorem of the
differential and integral calculus and pays attention to the fact that the algebraic mode
played very crucial role in formulating the algorithmic form of the theorem. In his
opinion, Leibniz’s formulation was the most radical and most revolutionary, and
Leibniz can be compared to Lavoisier in the Chemical Revolution. Mathematical truth
is less constrained ontologically by the real natural world than the truth in natural
sciences, and characterized to be conditional. Consequently, although mathematics
has not so drastic transformations as natural sciences, there exist revolutionary changes
in mathematics which has evolved historically, as well as in natural sciences. Changes
in mathematics is either gradual or revolutionary, and both contentual and institutional.
The author concludes that mathematical knowledge as an intellectual activity having a
certain hermeneutic basis has experienced revolutions.
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1Kuhn [2000], pp. 90 & 309, #tiFR [2008], pp. 113 & 416. Gillies [1993], p. 68 % H. X.
2Crowe [1975], p. 162; Reprinted in Gillies (Ed.) [1992], p. 15.

3Ibid., p. 165; p. 19.

4Dauben [1984]% /. k. #3551 Ci% Dauben [1992], p. 81. Crowe [1975] LD
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(Ed.) [1992] & E.Ausejo & M. Hormigén (Eds.) [1996].

5Crowe [1988], p. 260. Crowe [1992]% & ..

6Moritz [1942], p. 14 7>5 D5 .
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“Crowe [1975], p. 165; p. 19.

8Ibid., pp. 165-166; p. 19.

9Mehrtens [1976], p. 301; Reprinted in Gillies (Ed.) [1992], p. 25.
10Kérner [1967], pp. 120-121.
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1= O AIZBI L TIE. Szabt Arpad OEBIZZ DO CEETHS [Szabs 1969]. 77—
WL, BeR L RSCFEE R LIRS D OBRE 2R T X A At % E B L C\%. Kuhn
[1962], p. 15.

fiEs T—27 U v RABLGGRIES: & 135 T
(2008 46 H%), pp.100-149. [Sasaki 20081

—aOtkET ). [EAE] No. 1010
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VX BEDILDNITE N KYEEICH D Z L ITEE D XL bRV & IR O g
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IMMEND ZEEMBEIZLBD TS (),

=—ZNE, 120 RRICHE D PEOEA OBEN SN D ICHT- - T, ik
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BJoseph Needham, Science and Civilisation in China, Vol 3: Mathematics and the
Sciences of the Heavens and the Earth (Cambridge: Cambridge University Press,
1959), pp. 150-151; FRFR, =—# & [1991], pp. 163-164.

14Needham, Science and Civilisation in China, Vol 3, p. 153; ¥R, p. 166.
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I U BT\ 5, The Nine Chapters of the Mathematical Art: Companion &
Commentary, by Shen Kangshen, John N. Crossley, and Anthony W.-C. Lun (Oxford:
Oxford University Press; Beijing: Science Press, 1999) & (JLE5AK) Nine Chapters
on the Art of Mathematics, 3 volumes, by Guo Shuchun, Joseph W. Dauben, and Xu
Yibao (Liaoning Education Pess, 2013), and in Les Neuf Chapitres: Le Classique
mathématique de la Chine ancienne et ses commentaires, Edition critique bilingue
traduite, présentée at annotée par Karine Chemla et Guo Shuchun (Paris: Dunod,
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Bopksr) TEARL %1138 5 (201942 A), pp. 103-125 R XK, & - LFHMIcIx,
#1[2020].

16Kalmar [1967], pp. 188-189.



78 Chikara Sasaki

L7eDlE, A1 5L - 70 by aTholz, I, 193031FED 7V b - F—F )L
@T I\éﬂiﬁ@/]} Ny }\ffuﬁﬁﬂ L/TF'HEJ{—"g Zak ’\Tl/\é

AT HB T DR & EROMEREIRICL T, 2—2 Vv R (=027 Lo
F—209) FWEUZ Lo TEED 5 T E N TE 20, imBlIZE T = fifEai 3 5 H»
H LRV, GEAT 5 Z LT TE (),

LMo T, IN~— W XDMBEIEE~D T Fr=dDa A FOBEBEIE
BEEOEFT LB IT AR ERZONLRY A 7o TND, 7wh/1
O FREZ RTINS,

H V= — )VEEFZ T X o TN R SN BIEORER F2R L — RiX, %

1. RGO R OZEER OB EINT-, =7 L AT — X (=

—7 Vv R BRWLET Y 7 LA T — R TRL, ﬁﬁ%mﬁ@fké

EEIX, 2007 LA T — AL OIMUDOEFZOEZ T mT 5 s &
72> TN DH(8),

— 5 T A, BUAEFHEIIT TR EEN 2B Th o2, FERRITIE
[UERREBRIY | 72D Th D,
BEOMEORABER DL L DX EIN? =u s LA T —2A0 [JFin] H5%
EBI0EDOEMBIIARAIAT, 2L 21X, TV AT LA [ARF] 0 ARY
?%%%kiﬁ&é@fi@wﬁ%5@°

BFHRIZIEI T HH D LB Dima NN D, OEDIL, BFE ICEmA R
i%i%btmﬁ%%Tﬁéﬁ%@ wD I N—TThbH, ZNbOHmE, &
XTW5]  (active) EFESRZ EIZLE S, ZHUE, LiFLIEZ—r o TEEE
%] (normal science) (ZKHET B, ~I~JL ke A =T 72DV H [EFEEF
(normal mathematics) D&~ L IEIE S LB 00 % L/zhfil/\(l")o oo 7 n—71%,
HITPL HEE TUIW AW e b 7o b, MR, MiTENLOBERTHA 9,
Bz DM a2 iR 25— ﬂ%kﬁfiﬁ”kﬁ“ﬂ&f\ AU AR ERED AL
FxE b b, MxtlBEMEITE LNV, AT 4 — Ty « )L —IF —F %D
BrOHFERE ST L, TNEZHANRIEL—27 Y v REMFZOFEE T
LTV 5D,

WL OMWD R =T 4 w7 2B EFIT >RICEE T2 & LT, 20tk

17Lakatos [1962], p. 178; Lakatos [1978allZ 5, p. 19. SHFITF L. 7 —  Hdzix
Lakatos [1976]% & < FHli 5 & B R AZHFE L Cuve (1986 D3k HIFF) .

18Lakatos, "A Renaissance of Empiricism in the Recent Philosophy of Mathematics?"
in Lakatos (Ed.) [1967], p. 202 G&EFRIT 0. Z O#LAIE, Lakatos [1978b], pp. 24-42,
IBWTHERINTWS.

19Mehrtens [1976], p. 305; Reprinted in Gillies (Ed.) [1992], p. 29.
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20K6rner [1967], pp. 131-132. T4 F3 = DIX U OEEIL, [FFRFEIF RO (a
bulwark of logical positivist philosophy) TH AN FEEREZNEKTHZ & ThoTz, [FF
#l (Author's introduction) # R % (Lakatos [1976], p. 2; #17R[1980], p. 3).

21Kérner [1967], p. 132.

22].akatos [1962], p. 166; Reprinted in Lakatos [1978], p. 7.
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HEIZ o, 7T ET— iﬁAmﬁm 7 E—11 5,

18T DR E DI0EM ., HFEET-BIZLIZLIEEEIEZ T\, 50
HEFEIL, BFEE2R00., O L THROD AN Mo v DR L NERE T2 L
Thole, LinL, 77 A Hmtk, 1L AETXTORFEITEFZH
ZHTETIATHEIITST2(Y,

7 eI o, EFEOHZ DMEMEE WD H LWBREIRIEE S L
THEMHEZRESEL LRV DEAI N2 ZOMWITR LT
WITEZR D, TR DT EIE, 2RIz, B Z2H 2 2 FR O L TEERS BE
THZELERERLS S®D, BHFEFHEIT, ENEHWLT2OIERIC O TR D
BT 5 L 51070 . BB SELNIIFAEICHE S K5 10 S b ATt
H51 (*).

T2 ULNSECR I IR KRR TlE H 5 2, B & ST AR S TN 5 ik

BHEOREEDH DL LT BB THINICAZ D, THHNAE S - RE I
WT%%@%LM@w@\@%ﬁ ETH D, HEO ZOMIE I, B 7 < HAGE
B L ZBBWICER D, ZOBEKT, HEENMAMIL, 77 F o EENERTO
AT b 5,

L/Z’PL/ ﬁ% TR L LTIREE TVA N E I DOV TORERH 5, [

S - BB10RIT. KR ORE AL O & LU b IER0TE & T

23Kuhn, "What Are Scientific Revolutions" in Kuhn [2000], pp. 13-32. #fiZR [2008], % 1
.1

24Grabiner [1974], p. 360; Reprinted in Tymoczko (Ed.) [1998], p. 207. Grabiner [1981]
h R K.

25]bid., p. 360; Tymoczko (Ed.) [1998], p. 208. 1
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W2, BEERER T, B 1 B TT OB E O H W TIHE X TRV,
éﬁc:ﬁéﬁm%OD{iﬁﬁWbofm%to T AT — R D LRI 180 FE
ERAEYTCHZ L LT 5,

§4. WO FLRTIOEBRE & L
——TFNFRAFZIANBEZ—)L e e Tz )L<v—FT

ST, BtV I7iil I —r v N TESTED F W LT S Lz D)
ERESEL, ZOEDIZTAIFATANOETZ—)L s R+ 7 z)bv—F TDH
BRAVEC T BT D (%0,

FEE, AR 0mEER W LR OEE NG, E 595 2N TE
5o mRANIZ, —FHDilMNa T, MFOUNxTHDEFEOHEFEN | adx = ax

(H1a) THDHZ EEH> TV, TG, ElNx T, madBy=ax TH5DH
“AFROEAED § axde=ax?2  (X1b) IZFE LW & HHE-> T,

ZILT, TIAFATAN[RTRTORE] B TR Z &iX, NT R
TOWH OEEEHELZ & Tholo, b7 % FHN ONTHE I 719 7151 &
ST, HiE, NIRRT oW OEES, ERAESEETIE, Jaddc=ad/3 (X
lc) THAHZ EHRDT-,

TIETEFROEMFOR Y 2T 4 — « T— = Ni&, B A AT —
AR OEFEY—E Y N e AT 7 v THERTY ¥ v DR/ N2 H
W FEIZRYE, 29 LTIHRORIIROA 7T —b—L AT ) —
VAT Y=Y b AT Ty THNTRTORBEITONTT AF AT
AOEMEEZT LT Y MR L2 &R LTz, 209 2T, 10t 511
HACHTH DA 7 X)L« NA B A (T W al-Hasan & W) LD, T T VB
[ZIXT ANEY) DS, ERRNSMAICE L CTHROT AR AT REDS L b
B WERAZ1S72 2 & 27~ L7z [Rashed 1993],

26 [/ N LR B OB, A< Edwards [1979]% /. &, R HOW T,
Struik (Ed.) [1969]23 A% Th 5, #i3£[20101% &5,



82 Chikara Sasaki

X 1

(a) /0 adr=azx

TLAX AT ZADBEEEN LR A0 I —1 v _RTIRIERHEMICERT 50,
AL ERIEFEE L, TV AT AOFEEZDRLO L L, T a1 Tl &
INZTp ol RFP Tz hw—F « 77 1> (Bonaventura Cavalieri ¢. 1598-
1647) 1%, 163541 AR r—=+ THITE N [RADHEIC X DiEGHAD %]
(Geometria indivisibilibus continuorum) (23T, REDOFIDO FHiLEEE AL,
TIH AT ADRT R TIZONTORN [ adde=ax33 ZA57278, B LW RIE
WX X o tz, M. 164TETIOBEDENE TRMFDRODHEE]
(Exercitationes geometriae sex) \[ZHWT, n=3,4,...9 [ZOWVWTO— KW\ L&
WRTRTIZONT, LFOAXEST-,

[ ax’dx = ax"" '/ (n+1).
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PBBATRER L HIC, AT 7 VU NI OREREGEDTEOITHW =T L%
%?X®A7T7@*$@%ﬁ%mﬁﬁmaﬁﬁﬁﬁk zé%@f%oto
FREDH 1T OEFEHIZE > T, LFOAKXZ e — e HEN 35 =
X, FRIEEHE LW L TlE Ao THA D (K1) -

[ ax"dx = ax"" '/ (n+1) for ax " (n=3).

bz, ¥=—)L« N+ 7 x)bv— (Pierrede Fermat 1607/8-1665) (% EFCd
NRZ ., n PIEOFEE — 1 TIERVADEEIZOWTHR Y LHZ L AR LT,
A ERPUFELN 7 2 v —IZX o THLNIZE V) ZENRTED
ThHAI, D K -/ haRD D720, & L THBROBERRICOWTO L)
( Methodus ad disquirendum maximam et minimam et de tangentibus linearum
curvarum) &) EEEOFEAIL, 1629-36FEFEN Nz b D LHERIS N LB, 22
TZ 7b~—I%, WK - i/ ME, 26T R T ~OHs 24 < RE T TE
ZFTWDHE,

AR~ D P21 DHGRPTZ WTHE DD 7k % R TH D, BT
SCINDR S 2RO L ZENBETND, I b, nZ EOBEET L LEED—
ﬁx/\7tl“7 y=x" ~OERDOTFIENEYEET D Z ENTEH®), X21THBWT,
P % (x,y) £ L. P DR EOEEOR (x+e,y+d) THDHETHILX, LLTOD
KZHF2,

yrd=(x+e)'=x"+nx"le+ {& OH, BLW eDH o & EHKROIEY

X2

e

0 T NN

ZIOTDE, dle=nxn—1+ {ex G}, Lo T, #froOP 2B 51
XU TFToORIZE->THELND, ZiudbilbZBIgELD NN ThH 5,

27Fermat [1891], t. I, pp. 133-167; A French translation in Fermat [1896], t. III, pp.
121-147. Cf. Mahoney [1973], Chapter IV: "Fashioning One's Own Luck," pp. 143-213.
28R FRIZ DUV CiL, Hollingdale [1989], pp. 141-142 Z A XK. K2 (X2 DED p. 142 /5
BonTnbd.



84 Chikara Sasaki

dyldx = dx" /dx = nx"" 1.

BT T XA FIEICE ST, 72~ —1F, — BT R Ty=ax"Dtz
BROMBEE Ddyldx =nax""' L72D W IHFERESTZ, L, A=EIZ LT, #iX
KREEEOT NTY XL EEERIEOT LT XLIRTZNWIZH W TH D &9 B
fREELL ZLIITE oz,

§5. WOBOEDOEAREHDREH
— AR EEE 3t RENEEEL DS DZEAOEEE

17HACHEE, 5 AN DEFE DWIRAIIZ SKEHVE & WrED B\ N2 0 ] BfR A 78
L TWole, A Z2VTOHFFEOZY 7 V2 AZ - N F=xv]l
(Evangelista Torricelli 1608-1647), A2~ R 7 RADY A L X« 7L A Y —
(James Gregory 1638-1673), 77> 7 U v UV KFD 2 N\OEFEBRT A > 7 -
== — k¥ (Isaac Newton 1642-1727) &7 A ¥~ 7 <31 7 (Isaac Barrow 1630-
1677). £ LT KA YD HEAN (uomouniversale) 7> b7 U — K « o7 ¢ JL~JL L+
74 7= (Gottfried Wilhelm Leibniz 1646-1716) T&H - 7=,

AN RAEIE EHEREO P RREZFRER L=DIZ NV F= v U Tholz, FF
TEDRMFHIBICBE LT, T2 K7 R T & MR OGAIC, miE% A
WIET LRI A R Z EIIAREIZF—TCTHhAZ LA LT, VbW
LIRS, B 2 RSO DRI 5 2 b ivTe &R, EifE kD 5 2
CIIRESND, ZORFIT. TV VAT LA DAL ERFIIELE L
AT 7 VT Y DRAIGEDORAFRTEN G ONTZ, F)F =y U OHFH
FERIT. 191944412245 - REFNLRD [T 70 V=V RAF - N F=
v VZEVESE]  (Opere di Evangelista Torricelli) DHIREN 5 £ Tix, RAlOEE
Thole, LT, NI F oy VIFFEBTARNEHFTHE TH DN, EHRR
72 ) A IS R I NTRAT Lt 72D Th o 72, FIRFR NI 2 [Hem D%
fisE | (geometra summo) & FEFATZEDTEN, D LB ThoT,

VA LR T LY —3oRHEE & HERE O W BIR ORIk A AT L 72 F )
DN TIH o7z, 7N KT 7 TI668FIZ IR L 72 [5&fFD—fixi9iE 53 ) (Geometriae
pars universalis) \ZBW\WTThote, 7LV =Wt I < — B ThH
STDENR, N F =y UDLGEERUT < REWI TR <, Al 51
Thole, AT T—TPINBMEIZRRTZZ LidE o7 ELo2 L I p
N5, [HE BOEOEKEHRORYOENARHZLILTND, ThEb, Hi
CEFEDORMEIL, KR E LTS, B FTh D, Wy L LI, FHEEREE L
T, A LIFEF SN TR LT, Mk THE ) BTS2 hg:
P EZICHT A2 Z LIk > T, IHROERZHBELZD AL T52 L
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FFEAEELLE N2 (%),
74ﬁ/ﬁ = a— bk, REEE & BERRENREIIC TN WICA W TH D 2
BB LT O FE TH oo, MIE 2 OFERIZI6654E5 A IIZBIEL 7=,
a%: — FE, RRIEIZOWTD16664FE10 A #i 3 72 A ERIZIHBW T, [
BESHEOED X HICENTWD, THEMEEICS 2 bz R k- THRE
SINLBOMEZ RV Z & 4,

—a— O RE ] IIAREMIZLLTO LS Thol-, K3IZBEW T, #h#f ac
=q=f(x) O TIZHPNLEFEZyE L, KN x T, mINITHLHEHFEOMHE
Ex #8525, WFEpEx=did, 747 =YW HIET) Lq (=y=dyd)
g=be:bcTHDLHLIIITED, TROL, pig=1: fX)&ERD, y=]f) dt
ThaNE, %ORIL, dd) [ f()di=fx)ThdZLrrd, ZoERhe
Mgl X DLOTHMTH Y | MO FOERFNIZN2 6720,

X3

LIl b, =a— h Ui, \_@/}_Hﬁ”\%ﬂ‘t%%f_f_ IZIZ Lo
Teo WOPWRIEN—RBIZOND X DIZR>ToDIX, rﬂﬂﬁ**ﬁnﬁﬂj (De
quadratura curvatum) 2317044 ZAHI S 72 Z &L J:o’C’CE(?)of_O

TNy VRFEONC Y — e o= I AP B ORHEEOT A Yy 7 -1

7L, REENTIRFTE S F- O AR E BT AT R R EZ A L2 TG
ma o7y VTT1668-69 T RS S AL, 1670 AT S du7s [k

(Lectiones geometricae) \Z &> CTholz, ZOEHRFKOFEXHEDOMELIL, D
TDOLHITHDD (=4 (),

ZGE% (BN VDOAEBE DRREE L, VZIZBITF DR HID S D HsSAT S O )7
THEAICHE KT A EER (VZ, PG, DE) 13F0ihicE L LTYEToHNT-

29Prag [1939], p. 491. Dehn et al. [1943], p. 162 = 7. K,

30Newton [1967], p. 427.

31Barrow [1860], pp. 243-244. Child [1916], pp. 116-117 Z % F. &, Child [ZIZREFR A
HHN, FINT T URERIC K > TRIIEL ThH D,
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LOETH, IHIT, BMVIFIX, VDIZ (2B DIV ERREDE (i eh
MRAE FTC, VD%MEE’%DT@%’C%%O) 2k LT, DFEHDHEE >
TR DEFENRIG L CHENDILN Y VDEZIZHIZEHELL 2D L)
ThHhbHETDH, AT, DE:DF=R:DT: L, BEMTFZHES, 2T
HARVIFIZH: 32 TH A 9 (),

TR i
F
R
—
i e
K
Y,
i R ol P
VA
X 5
Qi diaidn

X4

Thbb ALEOMHAZZGEL LU, FE_0OWHVIF, RE 5 2 b= E S Off
eI HEE, HMEVDEZ=R - DFE L., X512, DE:DF=R:DT& 9 BB %E
WeTbDEd5, ZOREDS & T, TRIXHBVIFIZEST 2 L ERTLH0TH
o

AERNZEICTH Y LT D L 5 Th D, [LEDRINVIFONEHIZ & Hiu T
LT 5700 AREDRBRR S, IBILF : LK=DF : DT=DE: R 3%V 3D,
T7bb, R-LF=LK-DE. & Z AT, [HfEPDEG=R(FD—LD)=R-LF, L7z
BT, LK * DE = [Hf8PDEG<PD + DEL 72%. & z\Z, LK<DP=LI.

Z 9 TR, BINFORFNZE B TWD ET5 8, RFRICL T, 4EI
LK>DP = LIINREND, LLEDEZRNG | BMIKFEEN, ERVIFIO Fiodh 5
ZERDND HETIUXBRTFIX, B VIFIZET 5 2 E PR SN TH 5,

NuvOFERAR, L3 ) —05A L RBRICHEHI &M FZH TS 5 2 & ANH
B THD, v B —=qlI,. N UV —2E LTT LY —D [Hi]F0—fik
Y] BN -T2 LTNDH(R), T IT, /N1 U ORI H)E 22 IR

32[saac Barrow, Lectiones geometicae, in The Mathematical Works, ed. by W. Whewell
(Cambridge, 1860; Hildesheim/New York: Georg Olms, 1973), pp. 243-244. D75
TV LEZTH S,

33M. S. Mahoney, "Barrow's Mathematics: between ancients and moderns," in Before
Newton: The life and times of Isaac Barrow, ed. by Mordechai Feingold (Cambridge:
Cambridge University Press, 1990), pp. 179-249, at p. 235.
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SREICEIER L CA D, MfRZGEZRy =f(x), WHRVIF %#z=g (x) TRbT &, BT
BAfRIIE. Rz= [ydy,y:z=R:DTLEZXWMZIHZ LN TE S, LOFEHT, DT
DVIFDBERRE, (BEROREAE) CTHDH Z ENRENTEZND, yiz=R zdv/dz. %
ﬁﬁﬁﬂy=R@%:ﬁ@bg\yﬂwwﬂyw.:ﬂﬁ\iéb<Fﬁ TE T
DIERTEH ] O—BEIZIENR B2V, ZNT, VoA AR M- F ¥ AL NiX
74y 27 - Nayofryiggl (1916) 12\ T, Amii%%%%?
BEL TCWesfimLlizblf Thole, Fr AL FITKiud, @, My

?”%ﬁAi@ﬁkbfﬁ%éMTwé)@@@WT%% & D 72 e 72
DTHD, FHIZE DT, N vid, RANZZOZ &2k L2721 Tlidze <,
*%b@f@%@<\éﬁ%ﬁﬁ%ﬂ%%fwé$%ﬁﬁﬁﬂﬁbf\mzf\ﬁﬁ@
ZRAEHT 2952 - T\ D, 2D OFEFEN YW LT, RITEBOEEMEZ G
AR L COVEISEW R W ERMTEET S %) 29 LT, e o i3fmofisns
%%:%%Tb\m e WIH Fr A NOfEmwmIEEHIND,

ZThibIfMbridniEe s wn, ULETRLE N g U OamiElIL, A

% ﬁAimﬁﬁm@%*zémf%%Q@O ET X, Ne Ui, Wy
ﬁ”?@¢$ NEBTNWEEZDDTHAIMN?

LS, NaviE, T4 U T A A — U v ROIBUEFIO [#Fo#t] ©
FEREINTWERREREICHE LATW L, 1655FEHoRT D=y 7 LA
F— 2 [FGa] oAz Riuxbnrs Lo, ez HFEREO LD L
LCWe, 7208, Bl oOFEXGEMEN ZFEEERS i3, Heoniczesd L9
2, EOMBEIIEEPICKMFHNRAZ A NV E L STND, Nr Uik, K50
HRFY 00 FOMEE TH Y it 720 Th > 7= [Sasaki 1985],

NaytEoll{BRoTWDET74 =Y ThoT-, Mhix, £ LT
BB ST &V ) BRLAy e B e 7T AEEEL TV, T L
FOREEREBOEFRIL, 7T R T 7o AR—T ko TIRESNET
v b T%m=]  (Geometria) D1659-614ETI D ki BTV =, &I,
Ty AR—T 0O [EEEFOFREE]  (Principia matheseos universalis) |
BLATW:, ZOHEIT. b bLiITFTr~—2 ADTTALA )L Y v
LS TIRESINT A T IZBWTISHHEIZATIENTW=b D TH - 7=,

TA T =Y OEFIIRENE, WD/ R FFIERIC T VAT 47— s A~
AEHE) ZLICE o TEHELIBEEE LN, FA A~ RIS TIOT34EITHE
Do LEHEEINTDIE, T — X XA VORI FEETChH T, £ 70
L T4 7=, RABNVORMFRGEGS I, NAD VDT ILF AT A7
BB TR A2 R H A MZ K - T TR L, T hV MY RE it D 2 2 A v
LS TBLATEDO ThHoT=, 74 7=y YOk RO/ &R
(Historia et origo calculi differentialis) 72 2FAIZINT, X7 For gL (X

34J. M. Child, The Geometrical Lectures of Isaac Barrow (Chicago/London: Open Court,
1916), p. 124.
35 Tbid., p. ix. SRIFIZIRC.
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ARV DEL) DETZNTE 2 RGOV TRL LTS, [Ty hrog
VDR LT —FBI BN RIRE Lo, aip/e 2 LIS, N ATV AFITZ ISR
S LT ot EW O DR, SNAIIVIE, BREFO—E L OFIEEZED
TIFRATZADEMRZIERAT S & & #hOE Y OEHRZ K-> TAER S LD R
DRRMEZ TG 2 FEXBIZETLT S W) FiEEHW =6 Th -
oo TDOZ ML, DILONWDOEVREN (TA 7=y YHEDZ L) X, 2D
—RHEREH AL LD Tholz, 7205, il EE 2R B 6 & fific sk
FENTE T, HAIE L ENCRBEICS THND & i B Rl - 72 difroE X >

MZHBIT2MEEZ 525, 0D THo72] (0 T4 T =YD/ T
DM OEFHFEDORE 7oL, M & MR OBEMRARETHY . 2D b -
EH X HLNIEERIT, HOADB TN n/4=11-13+1/5—1/T+.. AKXT
b o727,

1675410 R, 74 7'= vV OB/ NFHRICEE 2 —BRiL s hiz, /S TO
BEAEIZ T A 7= OB O (anni mirabiles) DR DOEDTH - 77|
[Antognazza 2009, p. 163], 1675410 H29H @ HAFF %2 &> [SREEMATOH 46
(Analyseos tetragonisticae pars secunda) (ZBWT, 74 7=v VL, s (7
LT 7Ry D s DEWHEL [ oA 2Y v 7K % 1] (summa) . & L Cit%s
d % 7] (differentia) [ZHWT, BN TWS, [HxHE BRI EET IS
2, diZEsd, EZ2AT, [iFfE, d I3EEZEW%RT D] (¥,

FA T =y IE680FERICT T D & T A T 4 v THHUCAITI S au - a6 [
Zanl  (Acta Eruditorum) (2, 1 UWEER/NGHEIZOW T OS2 HAR LIk
%o EDFIEOIL, 168242 H B-45# 0 T O E D LA | (De vera proportione circuli)
Tholo, BEENGHT S X 512, ZAUEHOEMNIIRIEIZOW T TH o7z,
168444 H Z120X, THRA « fi/]h, # L THERIZOW T OH £ (Nova methodus
pro maximis et minimis, itemque tangentibus) 23 B#k I 7z, FAUEL, B EHREO
BEHEEANZOWTOmILThHoTz, £Z T, MOsHEIE, 743U X4
(Algorithmus) ()& MR-, WEREFICL ST, T V3D [T7va Y R
LA (algorismus) 1, AA Y LEFEDOZFILANG <R e AT« h— -
TN=T7T—URXI—ICHHKL, £ 8- T 7 ETHEFICLDHEREEEET4
Welpoleb D Thole, 74 7=y VI, ZOEELY BOoORR G HIEDT-D
DEELE LTHEHALE E LTS TH D, "algorismus" Tl 72 < |
"algorithmus"72 58 0 SHWHLNT-DIE, BELL, FOFEN, 77T OEA

36Leibniz [1858], p. 399; #RFR[1999], pp. 317-318. An English translation in Leibniz
[1920], p. 38.

STRANTISRAEIC DV TOFEM 727 % A M Leibniz [1993]; [2012], pp. 520-676; With a
French translation, Leibniz [2004].

38Leibniz [1899], p. 155; #ak [1997], p.167. An English translation in Leibniz
[1920], p. 82.

39Leibniz [1858], p. 222. T A 7= v Y O EIZHOWT D, Acta euditorum Fe# D
TXANDT T AFEFRIZOWTIE, Leibniz [1989] % & XK. F&#"L'Algorithme™ld p.
110122 %.
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AFATIERLS, FU VY EEBENPOHR LI b D LB LIZNDTH A I,
M=ol D16864E6 H 52 Hailli D TPRELOD Mt & AN n] 53 300 QNS JE PR
DFFEHTIZ- DU T | (De geometria recondita et Analysi Indivisibilium atque infinitorum)
(CRWNWT dYaxx=xdx" 725 EZ DD oxx= [ xdx"72 2 XaENTH L T,
TAT =y VEENTND, [EnH50L, @EOHETORLMROL S,
LZE Thbb, [ LdIFICRo1r6THSL OHEEELTWD, Zhid, &
M HNARE RO TERE T OHER/ NI RO EAREOEM TH o7z, I—ET7 - E 78
TP TND LI, T4 7 =055 LWEERR/NGHRIE HL o T/
L7z &g, TER/NRIEOREIL] TH-o72(*), 169349H 512, 74 7=y
T HRTZRSREOM T, T72bbH, HHWLRKMOEIZLHb - &b i
H72 7, 2 L CRIBRIC, BB G X DTG0 b & TORD LR EX
(Supplementum geometriae dimensoriae, seu generalissima omnium Tetragonismorum
effectio per Motum: similiterque multiplex constructio lineae ex data Tangentium
conditione) ZHH L. = 2 T, KFEO—MAIFBEIZEMROIERIN 5 2 672 #
HRWETZEImAESIND I 2, REMT L TY X LZEBWTREIT TIER
< IERR/NAFHNT R LT2(*), Zhud, TR/ NGHE] | 772 b bMaiEs
FOEREHDOER D TH D,
P53 A8575 ) (calculus differentialis et integralis) 7225 Z & 13X, 74 7=v
YDOboLlbFREHLIGKE TCHLY—a T - XY (1654-1705) L = —
e L XY (1667-1748)DNBIZ LD b D TH 72y, T4 = hETHL D
AIREIZOW T ORBSENT 2 FER/NNE TR LR DO TH D, Z DRk
THREIC T A T =y VIZ Lo THRARENTW D, RO LEE ) (2B
TR, T b ET A FOERE BRFOT b b 7R n =4 A%
(Geometria communis seu Apolloniana) 72D ToHH N, HEHEG DX, [T /%A
T A% | (Geometria Archimedea.) (¥) ThH5H, LFELEE, LT L
NS EEECS)  (mathesis universalis) O —RE L FES &3 4UX, T4 7
=oYolx, EEET) OT VX AT ANBETH>7=DOTH D,
17HACHERKIE, R Y T = v U LA TR O%MFH | ThHEFHRT -
LERENTE, NATNE, ED LD THREmOEMFE] OVLED THY, D
BT, TR AT AR R N ED B HEOTHER ThoTe, 74T =y
(T, NADNVOBERNEMIZEIZONWTOEEZ T 4= ET IV F3BER LTC
HLWEREX TR, 94 7=y Yo ESEORES LEE] ToaE o 2
EETERE 1947 =y Y RNFGEOL W T LWRIEDO DT =Y
ALZNED Z 3 RITR2 o TeDTH LD, ZOT N ALK - T, BgIIE
PIEA~D AR OIEENORHES T, 2, U b &T )V b s o8

40Leibniz [1858], p. 231; Leibniz [1989], pp. 137-138.

41Hofmann [1974], p. 194.

42]eibniz [1858], p. 298; Leibniz [1989], p. 263; #ER[1999], pp. 39-40; Struik (Ed.)
[1969].

43]eibniz [1858], pp. 393-394.
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FLTRbL T AR e = AR AEIONWTAT R ST E THDHN, TH R
RV EED, TIFATFTZRRMPICR/T D &, £, [ CHEE O &
FEEILT- MR A 1o XD L ESOHENOHRL CLE o7z, TED, WEIX
TAT =y VO LWEIEIZ L - T, 85D Z D X5 KRN RIFHE O
MNRLpDHDTHD] (M), —5TEAE. 74 7=y Vi, HOBFHIRIED
FITRMND, TNT Mmoo % 7# ] (algebrista summo) 72D ToH -7z
DIE, TEWHIDYH, TA4 S =Vl > Tk, WRRIZ, OMESF~D7
Tu—Fn, EOARFEIL LN AT, mBlE, B B M. K
BF~EASEEEboTo, DDA 7Tn Y=/ N Th b, TRk T
(characteristica universalis) D—H(72 > 72/ 572D T 5 | [Antognazza 2009, p.
165], & &I, FFERBORL, 17HRIC, BTERY2 S O B RE 72 b O
~EHRHR U 72 2 & DNERE S U5 [Mahoney 1980], = DHRHRIZ K - T, (a2l
WA RS T DAL E D o7z, Tbb | BTFOEMDET N, AT <
FHIV K EE IR ENTZ [Molland 1976], L7723 > T, 74 7= O
FHEEIE, SlONciE, THERR/IMRE#MT | (infinitesimal algebraic analysis) & I
ENDZRERDTHD, ZOEKRT, b LY M F = U & XTNOEAFH
BT HRSTRY) RBEHRZRL EThE, 74 7= Vi3 BAREGE
72D T ¥ - 7=[Grosholz 1992],

—a—bhrbEl, HFELEOFEMFEMTNLE LIV, 7205, 11T
L7EFIZ o Th ik, [RSFRY] IS o7, 1T v S RRERT > 6507
PR AR EREERE AL LIZOTH 57203, 16804ERITIX, a7 LA~
A WS Tt ) TRAFHE Th o Ie B FE OREME O EE~LIF> T o7z,
Z9o5L T, Zo9bLiz, MREIBHAICESEZ B 1 REE S DT 2 D72

(Algebra is the Analysis of the Bunglers in Mathematics.) (¥) , == — b > 3 psE
MELEDIE, HRFY S OT7F AT ALy WA DTEHEO KA 7RI AT
D THoT,

WMAETHCBNT, I 7= Vid, 7= OARRFETOT » PU—X=
R T D VTIIHER D LINTELTHA D, IHRD 7 v F 2 | M
ZIHERETFT 50O TIERL BRI DBMEHEGRAZREB L, bo(kF Mmook
—B—Tbhbd, HACHLEMIFAET HOTH D, bivbiud, BFiESE
aRFELIZE ) F 2y ), LAY — Na v lnTEs T OEAREHRORE L
ERRTILEFTERY, 2L, =a— b FEREHZ R ZANTIZ LT,
T2, Bx A, TRSH ) Uiz, —b - B « " A Y —OHFETO [T Hdn )

(analytical revolution) [Boyer 1956, pp. 218, 256, & 268] % iSO 7=DILT A 7=
vV Thote, [Efrean X, 77y 2AgmRiCHkshizaL - R 77
=7 BV THAEFANERIZ o7,

44]eibniz [1858], pp. 393-394; An English translation in Leibniz [1920], pp. 25-26.

455 | 1 3C1% Hiscock [1937], p. 42. ZO—3C1X 1708 4 5 HIZE -, MREHITIELL T
o, Zida—E7BLEEDNL TS =a— b OBRFEEITHA N2 (This
must be a rare utterance from the supposedly humourless Newton.)
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§6. BFIIBITHEHL BABRICRBITIER L DX

T, BFOEHIL, EOBEBST SN0 THAH1n? BARERFICE
FHOEBLERLRDZDOTHAH1? b LEITEETHE, AIFIFH®ELEE YR
RBHDTEHAHIMN?

7 — 0%, TRHEREG oG] I2BWTC, U3 U VTICLEREBEORRIT
WhpDH7uaXRA N EEE LTy =2— LT V=AM —DHLFED
NEDODINL] EiTR2> TV lim Ui, [ 949 P 7TTHELIED
AR SLTEM LD, £ — iiwfwé——4@£®%ﬁ@@1i&<
@ﬁ KRB R 72D CTH D, T OEGRIT, B (LFEM EMEIN DT E A
#sfbFomER bz kof@%ET%otjmmmw&pSQ TJaX Ak
ﬁi T T VEOHHEORERERE EHICEEINTLESTZDT,
BERITBITDHEMICE > TR Z 5002 KEOFHSHI THRIEL TRV
7o L0 B ERIL, R ThH 0 | > ORFRIMEAFIIFE 2V, 21T
ZOBEDBARM, RO HERAN BRI TS DT TIERVWDOTE, Ll
FRFIC, BIEROBROMERL, = A b Ty —Df ?%%ﬁ%%wfm
21X Viﬁﬁﬁﬁj (Lebenswelt) 12X > T, 2EIITERERAI 720 LIFTERRIIIT )
WEINTWDH DT THZRW, ZN0E, FFEHNEHIL, WS ERTH
HZEICEEESNRIE RO, 4 BB XuE, TEEEIIRTHERY 72 By
15 DR F: (science of possible idealized structures) & 7235 . Z DOEFRIL,
XTIV e SYLF A ADRFHES T2 K D [Bernays 1974, p. 603], O HEMIZ L -
T R OBGRITIT0RMITY . IBROBGER LRI TENIC R DITHER WV, 772D
L A=T 7 AOBEE MO TERAT L, HEH ] (normal mathematics)
ThdrZlzikdHd, 20, EEHMICEFERINDIDITTHRW, 22X, 74
T = OFRNTEMIZ L o T, B/ NG EIT E THOREBN AL, HFEETDIC
LoTRWIFIHEND KX)o, Tl b, 72 20E, P TF = v U0
A F7 v D IERR/ N D BRI SHERF STz, 2 ORI T, BFHICE T D Ham
=R E%%ﬂ%"ié$€353?4ww@bﬁ1iﬁw

BRIC BT 2 EBMEE L, SO0 13REFEIND & End, BFHIIHXEIAFE
AREL ﬁ%éﬂébifi&h@%f%éo%ﬁ\E%%ﬂ%iﬁ%@ﬁﬁmﬁ
E%ﬁﬁmﬂﬂb@\&iiwm\m%wmk%&ﬁ%w?\ﬁﬁﬁmmm%é
ND, 2N, BRERZO MRS LI UITHEMICERESNL TLE S BERARD
ThbH, e z2IX, 7eXA M FTHD, TNEDL, OO, 72 & 213,
—a— NJIFRIEEIEN T D,

T BEFEHEBIZOWT, RIICHERLT DM ER D S, B EET

—HRICFRAEC K> CEOBEBMEAZRIES NS L O L HE SN D, TREL, 2D
FRREIL, 7R A DD ORIHED S & Tre i, Mxtic BEENRIES LD DI Tid 2
VY, FRE RS B AT, BFEERIX, &40 (conditional) 72D TH B,
Fo. FEROICH AERGERFO X 9 7RI 2 R < 21 2 D TiE 2,
HEREXV YD T FUOBBHBIZERL TV L o2, 262005
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MELRE O =T OV INBUFERNCEEA L CAE T L O I, R ERLT [TR5E 4

(incomplete) 72D TH %, AHTIX, Yak&7 - 7774"— =745 i o5
T, [RERAJ 1% TREAAES ) (proof-events) & L C. BEHIICHMMEI>oH
% [Vandoulakis-Stefaneas 2013], 4 H Tli&, Z 9 W o = HFEHIZHOWTO [{#E
M) ) BRATE T ONERH DL THA I,

AR, TGS ONWT, AR THILERH DL THAH, —RICTT 4 H
WIS HEN /e &N D Z LR EMEMES, 22T, WS OPDOBHREM TS 2, £

&EW%m@biTi@w*k%mwt*ﬁzgﬁké 7o & 21X, 16404
R S0OFEREFDOWDLWDHE 2 — U & o Hmid, 2L, HEF vy —1 Xt
%ﬁ%b\mﬁ%ﬁot@tﬁxl&&@ﬁ@%é%ﬁi\ﬁﬁ#ikhkﬁw
ST2TC, T4%& L=, (WERRSICERIT 5 THday)  (revolution) 72 2B
DFEEIZOVWTIL, [Rachum 1999]% [ K]

ZOHEMIBITDEEWVIZOWVWTOMRINL, BRERZOEM EBFITBT
HEMICBAINTLODRENE L, BARERFRIZERIC L - THEE
FRIICRES R EINDI DD 2N, BEIIRT AT 4 v 71272305, il &
FICBITA2EHIL, BEOEEWI, ZIWEERT AT 4 v 7 TlEWnWeEEZLH
"o,

BN, BARISROERE L E LT, 2L T REZERA) 35, 75
FEBIBEHBNEZ SN2 ATHD, LNLENRG, M EIC—EHEY
ST e, BZEEARMUET S Z ST TERY, L TH ERY) &k
—fiE LT DD TH D,

7 — 0%, BAREERIRICRB T DM a2 AR T XA L OtRIR & LTRSS
F7ee TUVART LABERFE L =2 — F UVBIERZFT, 8T XA L7200 LR
%W%FWW@ﬁé 7 — 2 DR TIE, ?)kavxmaﬁﬁi BT Z R

BIeD T2V, HDHERT, T7bbH HFOMINFEIIMESHIZB WV TiE, B
%7 ERDTH D, 77— h, BIRGERF & ANHGRERF &1, umkWEﬁ@
Wizt o, EEMETH(3) OLFRTL, bﬂbﬂiaﬁﬁﬂ%kﬁ%@%wt
2, FREARE & BB AR O R IT IR 5, EEIC, W & B IS
PERENLTH D, 7m?@w%$ Tmtiob\Vﬁ%K%wfiﬁﬁE:é
E D INORBEIL, FEERIC, ICED] () LT LITiTH DHFEDOEHEN
H D,

T I T, BA L ESEIORE U KA & BERE, S5 oS FE D
LiBimEBHARD L LT D, TIVF AT AR/ NG FORFEE X, AT 7 U
T, NV F 2o U NATLHIZE > TRITFZANIREORKEZ - o7-, L
MUEET Y 7 AT +— FRFEOY g v+ U ZOTEER OB ] (Arithmetica
infinitorum) 72 216564 DEAELURE, LB REULDO T IZHA# L 7=, £ D51

46"The Natural and the Human Sciences" in Kuhn [2000], pp. 216-223, esp. 221; iz
[2008]% 10 &=, & <2, p.286 LLF, &R K.
47Crowe [1992], p. 316.
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I, BFE=ma— bbb, EBCEHEVICIET A F= o VI k- T, 2HERARE
EDEZ BRI, VY o AL DIER/ N2 ORHEIE, Tiem DO R4
NI FzvViZkoTmO LN, VU RALREOER/ NG 7O RESEITE
DFEOTEREBDT-DIL, T4 T =V Tholz, %, FT [EEmoREs
F EFES T, K<HMBENTWE EHIC, =a— boid, HWVEMRIZE, 7
Hv b ORESRBEFEOTEEEE L0, 16700 H L 61X, =v 7 L
AF =R, TIAXAFT A, Ny RAO MMM F2EED FHh~ & Wfilis LT,

THLTHD L, WO FEDONREHT LT XLDRERL | FDOHEARTHD
AT FRIRRREE B LIRS Tl RO FE DT A = VX, 7aF¥ R kRl
KD GR A AL, BRI iéﬁ%%@ %%@éﬁtm%iﬁmiﬁ%
@7?¢U/ikUTwé 7277 L ALFHERICBIT 2 7 a £ X Foptic K58
PP I3 E I S iz & RIRIYIC \ﬁﬁm%ﬁ% & B RAEE & HERE
L, 2 ULDNCTAITIENIC o T E RSN D DTN, BEINII Loz, =
TATEUCFIEE L AREI RGO EEDOOE OB L NNCEET S, 2L, T
A 7= Y I RUERR 72 REGENT I ERE O B b= B ifbix, 7 7 v A fmtk
O TR HEA] L EBICRBENTZHDEEZONDINETH D, s T,
BrHmoORZRT, BARABFHEGROLZRIZE T T 4 WV TIERWDS LiLRn
M. BIEIZ SN0 T 4 DV, R 2D EFIETHOTHD, =
D XD R RESR E bivhiuL, BT 5 H4y] (revolutions in mathematics)
L ﬂ‘?“/sii LT 5,

EWINCE DD LTI, bivbun, BARER T EM O S Z RO
ﬁ% ITRO72NETHDIE, RERTHY, G0 TH D, 78R D, ﬁ%k%

(2. ANEIOHPTEBIORELFIETH O | 72 LR EEEZ 5, BEimo
TAANIRRRIERNDHY 956D THD,

452, BRI EBFOME BT, EmB b = 5, miko —
DOFEEICIE, HERH D, —HOBRBERFICEB W TIL, BRI THEDHR
AU L o THETERR ISR S 4v, S 28 b 38T IH GG 2 72 03 WIS R
%o M OBFTIE, FUEHTIREPTH Y . Lizh-> T, FFEmMIC IR
B Z T EHIR SN2 WO T, EaRIZ I B W T, LETO R O
RKiFFEERE 1F42<, %@ MR, BoEr) TS558 OFER. &2 W3y
E@@%ﬁﬁﬁmiofﬁ\ MEFFESNA, LI Lenns, FiHBEGwRO HV
72120%. R ATEERY ) (incommensurable) BRIT, GFETDHITHEDRNR,
%M@% BRI, TOERBIGEERNORDIND 2T, TSR E & b

MBICERT LGN D, o, BUFREHEERONRIL, £DB & Mo A
&W@%%Eﬁ@% THES LA DI TIER W, MFIX, 19750~ A v 71
TIZIERAL DS | 2NV TW SO TH D, Tz, FFRITHB W T
Xz, BEMITET D, TORKOERIZ, BARERFZERUL, #%E THEE

- N - 1#1F] (In-der-Geschichte-sein) 72D 7= Th b, Thbb, BHA (F
NS AEIIND) IERTHDOTH D, ZORIZONT, FITIERHITH D,

SRE I [ SRR (hypothesis of linguistic relativity) & U 9 BiEg7)
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bHoT, LIZLIET AU I AEBFEHEOLFINS, [HET - U —T5] LI
b, XL SHRNENEERAI D THDLTHHTHD, 77 ADBIG
PR E D A N a=RoT 1%, ABOBHEFRIIAREZ 51T L, RS
ﬂf%ébifi&%*k%i%bt FIFEDE R CTH A D, 7 — T HRFF

Zh, MEREFEEZMZ UL, FREOEGRAKRY Lo Z & 2R LT, fRiTL
ﬁbimﬁﬁ%#mﬁk@ﬁiﬁ@wkbk BHOONDZ END D, FAL, BT
S BFEPTRICRB DT, FEROEGRDARNL T2 2 2 REDLELTWVDHDOTH
o

§7. BFRICRITDEMOEE

DOIOIIT BT, FFICEBWT, EMRWL R T AT 4 v 7 REEHENFE LT

TEEEETDHILIITERY, WER, bbbl mikoREIZBIT 5

@0®A&~/%ﬁ%¢6 BFEONE L HENE ROMFIZB N TREL, S
(CHIERYIZ Dy, B D WITHEMIC L > THRIET D,

a)ﬁ%Mﬂﬁmﬁ@m SENH DN, DX A TN OV TR T 5
FIRWTHA D T E A EDEFF T, BED B Z & D% R & - THER)
WICRELTEZEELTWS,

Q) AR S, B, AT 4 TIZBWT, EME N 5, Z o
DOEALIZIE THEMmA]  (revolutionary) &\ 9 GEENHWL NS, FFIT L =I(C
AN S L TBERDO RT 2T 4 v 7 RERICE > THES L, BOEHZ BB
THZENRHD, 29 Vo FHEICHW T, BURIINE & Wb B 44ME OBFHY
R (2 & 20, BB FERGRnIRTTE. FL75) 1. ZDRWICARRI D Th 5,
ZDHT AV —=DOEDONL DD EHEZFT THhD, HRF U v DA
BEFEORRAL, 17RO Y 4 = b EF L ML AR 70 7 A, BX
W=a— e 94 7= o2 XD BB/ IMENT O, & LT, 1915 al
YDHTA, RYA ¥ —/) a2, aNnNF 2T AFA|ZLDBIFE2—7 VU v FE
FORE (BHDHWIEIEH) THb, ZNoDOHEMIEILIT, BFENRT AT 4T

D RTAT 4 v 7 B, W ONTEFHIEO BRI L > T\ 5,

BEWIRBEO — oMo T 3V —1%, HIERNZEIL ) LESHIERIT )
DD,

(3) —RIZ. MR ATEEN M T O D HER D LAESMIBREE X, e
NIRRT D,

4) L@L@ﬁwxb\<o@®$ﬁmi%W%%%ﬁﬁ\Eﬁmmﬁﬁﬁiéob
nbnix, Z2oh 73V —Dx 7 AX—F NI B LOFEFNHE D 9m
ﬁi-f*a@/\ﬁ/}?~l\ BiF5xY /’@5{%0)4%7~A3€@%1\@%%E’3%)\
AL R AL A Z VT 3 RTBT D EFEEOFIRRES), 77/
AHEMBEKRD KT AT 4 v I BREIENERRETH D, ZOREOEMMEA
IZIh-> T, B Y277 uVIil LArEmN, maL - RV 77 =TI
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STc, U, A T =Y OB/ MUBUREIT 7 v 7T J Ok S W O MR E D
> T2,

LEwviz, 19t 0 BARIZE T 2 B 30> S P EE R~ O fR i
IZERTNETHS 5, 1868FDOUNAHEFTLAR, 811 B AL, FERHOFH &
FEIEN 2 B F M O i E e iE 2 38 R S ¥ Tz, 7203, 18724 BRIBHTBURFIC
DN T, EERMRAERAE D, I8T7THICIT R KRS, R Fat
MERNL % FLT=, ELitE, BAROERL, Big= Y e U zRE | ZIERmmC
I—n v b D L 7 o 7= [Sasaki 1994 & 2002], = 9 W\ o 7m, FEARH RS
B« SULHIREE DEUEHEN L2 R T AT ¢ v 7 788 ux, E, #§ifE, U= b
FLEVSTEMOBRT T HETHREINTZ, L L, BAROEENR L L T
T4 HINVTHoT,

A Z LT, GROBSEZ O E & bic, TEESENHE LS, &
D16t AR DY B DO HHH ) BT~ ERNITIE, Koo EE TS FED
HERIC, D WVITEFIRIEE HEA S, Fif & v o BAICIAIR BB Lo
Y

ZOFEDOERTIL, FIEMBEENO D OHFIREDIT RE LRI E
THZEWLD, A RMEEICWS TWx TS —h 0L bDThoTz, 7
—rOF VT ARERETIE, BORFTRERESE, £ 95 LCTEMIT, BhET 5
HFR DI E A LEIFRE L L TRESINDIDOTH L0, bivbiudnE=e,
BN SR 72 I N T H, FROERZRODH XX TH D, R, WER,
ZOFHOWTE T v 7T A [TSUUAHBIRENF45:)  (intercultural philosophy of
mathematics) & FEA T, FRIBURTHEZEX L TV 5,

§8. HEamAITERD

7 — 0%, TRIFEGORSE] TR L-#Eima FR L <, TR & i3
N2 B WT, B3Iz, @i (normal) 726 O & | Fmiy (revolutionary)
2O FEOXBIZEAN Lz, THEMIE(RIT, ZOEmBEZ 2R1ICHER S
TV ABEENE TS L ENR W R EZEWET, 2O X9 iz ed
o, ENEFEIEE LD 72DIiE, B2 & —EFHO ARG Ok Ot %
B L7 id7a v 4 A0 [Kuhn 2000, pp. 14-15; #i5R2008, p. 15], Z OFEDHE
Hoflé LT, 77— %, =2— b OEEBIOHE _JERIOFE RIS L L TWD,
S I, EROBBEBEERIZIR > e BB DR RO L 5 M OHH 2 &SI E
LS AY S/ NAVAI AN

IIET, bivbiud, HHEICBWTHEMBFET D L U, FEEMIZ
BT AMEORE L, ARGERFICBITDIEEREI VWL Lz, 72— 10k D,
BHER DL MRS DD BN ORFEHIFED Z A T DEEIT, BF
BINEDOREODLN OO T TU —TO (1) EikEEREL . (2) FmiREIC
KHET 5,
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DOILONDOERDORA > M, Z7avuo [HHA))  (transformational) & &
FHY ) (formational) & FLOFKRIA, EFHLITHBWTIL, FTERNENS 2
LliZh b, TOERELERIT, HFEONRE, BHFEHEEZEORN LR P T L
MTEXWNENWHIZ LiZhbd, 2D k%bﬂbﬂiiﬁﬁﬁAi@%Km@@
FHNCBWNTHRET LT, DIVONAEREHEMESZ EOTEXLZ EN6IE, =
a— eI =L AREMEETTERESN, NV Fov D, J L
Y —, Ny OMBHIEMFER R IERICEB W T TR oD Th D,

Ha—7 1 v REMZEORIC :J’ol/\“C 2—7 U v R0 ER MM, H
HEWR T LIRS NDDOTH L0, RHEMIZTIER D, HF ) vy D
— 27 Uy ROWATHRAMEE S OKMFIE, BL~UL R D189IFD [ 7D Ffik ]
DOHRZIZITR 2D ER®RZ O X IR o7, FRROBIRIL, T A v a s L
DFRHE R IR Lz L, =2 — P ROV THHEBETE S, W SA
NOEAEMZ T, 72— O EOSIHAE, BFHICbEHARETH D, 29
LT, bivbiuk, BRFERFICBIT D X012, HFEICBWTHEMERD T
XRS50 Th D,

FEICHIH LGB IZBWT, 77— 03, 194795, %REIC AR AIEEME) &
MESE IR DEZZMBLIZEEDOZ L EZER LTS, TOHEFLIL, TV
ARTLUVAHRFEL =2 — U HRFOHWEOBHIAAREM:, £ L TEE,
Bldm) Th D,

ZIZTHE, BiBRBIZES Z L LT 5, R H DO KERIIERE 2B
BAIZ S o ToDIE, 196812, MIBE DRI RFEFHEORKNE L BT, T/
Ve =YLy LT NR e UL D+ ZF O WL OO 2 FE - b
X Tholz, TOWy, BT, BL-~UL b & T AARFORATEZAOELRO B
ISR A T 5 mﬂmiﬁ%éfkoto%%ﬁﬁ%k B o X 2T ADKF
I B FRIJFLE O — 3BT > TWEBEROBEIZ, HHEDZER I &KL
k@?%oto%@k%u%\ﬁ%®F%ﬁj(m%)kﬁ%%E%@F%ﬁﬁ
WLE— R (style or mode) 1, MXETH LKL LNIBRDIZDTH T,
_@&%if%—/@w&$H®%WkﬁxOuwfkohﬁﬂ%iﬁ@% &

HESTIR D B ARGER 197V S B0, RLIE e A, ERlE TEWVWZDTH
ototbﬁ DY R —%& b o TXW DN R BRI 5
ot = AX—F N lE A AT, BRSSO A X —TF L
(W) 7efllmicEFR L CnWehbTho T,

wmﬁw%ww$i1®7)/zfo@k%%éﬁﬁ\ﬂﬁ\7~y@r@
BRI OFRN T 0 7T AEROBFELIZOWTHEHHAT 2 Z 25 %
%@towwﬁﬁiﬂd:ﬁ—yﬁﬁmi*ﬁ%FﬂiﬁiﬂﬁjGMMMMn
to Philosophy of Science) DHAALIF D=2, FAUFEIZORRIFFAI 25T, [
—< R S« J—OHm T - ?ﬁ?ﬁ%J (Thomas S. Kuhn's Theory and
the History and Philosophy of Mathematics) 725 U AR — F&fZH L7z, O TR
BARNETH o722 EITBW 0,

7 —HFRIE, ROz, #HEHI 2 2 o P EEWT N (K5ald=m Ay o
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230, ZhFETHLIWVWEE Yy 7 Thd, FIEERZFNWZZ LICELE b

In the ﬁrst place, I ofteﬂ find the argument

not primarily that your use of English is not yet al

marked a couple of words that seem to me misleading,

follow your English -- or think I can -- without special

more important is your excessive reliance on q,uoba.tionaQ

key points by quoting from the people who've developed t
Lakatos and Kdrner), but you give only their conclusions
provide for them. As a result, it's often unclear what

mean (I don't really understand the sense in which ma
empirical, for example), much less why anyone should hav.

not suggesting that you ought to supply full arguments,

but you should make it far clearer what's at issue. That wo
1likely to occur if you'd develop the points in your own words
and occs.sional brief quotations from the authors whose po.'m‘Ba
As you're currently writing, the quotations simply do no-t,
the substance that the reader needs to follow and to

As my choice of examples above may suggest, these o'lmc
damaging when they occur in your discussion of math as
you are suggesting that the differences between math ar
significantly bridged by these quasi-empirical aspects
which (sometimes) allow revolutions to occur in mathema:
can't follow the argument, whether right or wrong. I
relevant sense of quasi-empirical is or how it allows
that Euclidean geometry is o. k as a pure maﬂlan&ti
how revolutions enter. :

My greatest difﬁculty arises, howevaz'. in ccnpa
the existence of revolutions in mathematics. I -
am as puzzled as anyone else to account for th
< seems to preserve all its old theorems :
5 f Euclid I and Euclid V and X gets at wha

~ attitude towards the su'b;ect
to be to the point, If there
d p

o7ce [oeer) ﬂ\ FHCAICBIT D EMITAET DITHERNRNWE RS, 7208, B
XL HEL D B Ee ODIEIb\nzl‘EODﬁ‘/\““C %1%%%%6 DN EODEE*%?ZE@#&:OI/\
THlAT 25 Z LIS LTuwW5b ) (This is a very good topic, and I'm interested in
what you've said about it. [...] I think they [revolutions in mathematics] must exist, but I
am as puzzled as anyone else to account for the extent to which mathematics seems to
preserve all its old theorems.)  (KS.bIZ5IAMEFTZ G, = A b ALad—H) o
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X5.b

My greatest difficulty arises, however, in connection with your discussion of
the existence of revolutions in mathematics. I think they must exist, but I

am as puzzled as anyone else to account for the extent to which mathematics
seems to preserve all its old theorems. I don't think your distinction between
Fuclid I and Euclid V and X gets at what is involved. Number theory, in parti-
cular, largely dropped out of sight in the 17th century and became of interest
later. But that's not a revolution by jtself, though it may suggest that there
was a revolution (which then needs to be found) that accounts for the changed
attitude towards the subject. "Living" versus "dead" math doesn't seem to me
to be to the point. If there are revolutions in math, then I think Buclid I,
which has lasted, should provide a case in point. I suspect that the clue

(one of-them) occurs at the top of your p. 7 where you speak of epistemology"s
reinterpreting the contents of non-Euclidean geeometry. That reinterpretation
was inevitably a reinterpretation of Euclidean geometry as well. Didn't the
ontology of gemmetry change with the intrdduction of non-Euclidean geometries,

and didn't that changepthe nature of Euclidean geometry as well? If that's 2
right, then I suspect fou're wrong on p. 16 to say that mathematical propositions

c%ecy e ;f',\‘vi

71 DI9NREDTRIT b 5T, FAT FAOBET 7 — R L L b,
ZTLTHEEZ BT, HFICBWT, EmOiEa M LT 7onE o Tn g,
PLEDORERIE 7 — v B OB 72 ) ORRE IS/ TWDADTIER N, &
B, 20hb, 7—v#IE, A—T TV AOWMET S EET05 ) HiE=
BB, AR T D EMITONTOEmIZ & > TEETIEIRW, LHERL
TW=DEN, ZOREMERIIN Y ORE, KRBT 5, 7 —VEEN, A%
—FARBEEZTIEEN 6T L, =7 AF—F AR AlEIZH K& 720
EHEDFEETHL LMD, FDOT Y 2 R U TH - 72, BFIC
B D EMIT, FEEOICR T BN ERN R T AT 4 v 7 I ENb L&
D EWo Tl lmnd b, ENETIT, 77— DA NI F T T T 4 —ITiH
ETHD., ERIFETHLOTHD,

FAX, 77— BERD, FAOBUEDE BT 2 EMBE S E IR 508 9 M
DOWTIE, BEHINT DN B R, 77—V #FZIT, 1977 O [RGB E—F
FWIMHE & BB T D9 C8]  (The Essential Tension: Selected Studies in
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