v?
» <+ I 5> 1] B
kA X L XA AP

A5 F G 3’wa]~;?‘-}

R X F ey

‘—ﬂ‘j‘%%iﬁki%@f 7

The Birth of New Astronomy

——A«Study on Kepler's Physical Astronomy

» v




MEEH I iE

]

KX FHRE IR

— L HWERXFHR

The Birth of New Astronomy
—A Study on Kepler's Physical Astronomy

B M R R AL
-



BB ERS H (CIP) #i%

FRICEWER T EHYRRCER T/ EFHBRE . —IEH:
1 ERHE R AR, 2010. 7
ISBN 978-7-5046-5576-9

I.O%... I.OXE... O .OXX*¥-#HxE- NV.OP1
H E A B 1 CIP 2T (2010) 58 024221 5

FHEBWEHRIEE, R A B

KimE:-o24 # %
BERE:-FEX
BERX :H £
BHEME . £ W

HE B AR AR AL AR
B PR KA 16 B  HREHE 100081
Hi%:010 - 62173865 {53 .010 -62179148

hitp://www. kjpbooks. com. cn
BT R BB RTHET
b ECK T B R A BR 2 TR
*
FrA 787 %k x 1092 K 1/16 EIFK.:9.5 F¥:160 FTF
201047 A1 ER 20104E7 A% 1 IKELRI
EP¥:1 - 1200 4t sE4ft:36.00 5T
ISBN 978-7-5046-5576-9/P - 136

(AL A3k i B 45, A R 0T B T
B H R RTRAEAR)



WRRARFBRNECHAERERLFAN, FLH
MBELTHEAHESERR, ZATTEEFHRER,
WEFE =g, AFRI/NTEH N DER K
FRAMERRAURZHZANEBREXR, BRHT“HE
BRXTH M- BRERAER, BEFLHE
AXFLWEARN, BT LR S F A, L4 ¥ A,
A MBENEEREIR, BEXTE T HEAR ¥ E4
P HMBEERT L REERB AFEREAES
FTHRBEEMEAE ARG RRTIRAFLN
EARR. AFNARAH TRABBEARKXET
ERRBFWRRE,



Abstract

Kepler’ s physical astronomy marked the rise of modern astronomy. Its main
characteristics are the true sun system and the three laws of planetary motion. In
making his discoveries, Kepler used ideas from three domains: physics, mathemat-
ics and archetype. In most previous studies of Kepler’ s ideas these three aspects
have been treated separately, sometimes even as contradictory to one another. In
this dissertation I argue that these three aspects altogether constituted an inseparable
Trinitarian whole that played a significant role in the birth of Kepler’ s new astrono-
my. My main conclusions are as follows:

1. The replacement of the mean sun by the true sun was essential to the estab-
lishment of the truly heliocentric view. The centre of Copernican world system was
the mean sun, rather than the true sun. Kepler’s argument for planetary motion was
that the centre of the universe was a physically real point, rather than a mathemati-
cally empty point. Only based on this was the physical cause explaination of planeta-
ry motions possible. Kepler’ s true sun theory may be called his “zeroth law”.

2. Distance law and the treatment of equant was the key to the discovery of
Kepler’ s area law. Kepler’ s search for physical cause transformed the old kinemat-
ical problem of distance and velocity into the new dynamical one, and transformed
Ptolemaic mathematical theory on equant into a mechanic cosmos. He insisted that
the planetary motions and celestial observations should be in the consistence with his
archetypal criterion, and that distance should be treated prior to velocity. The crite-
rion of mathematical harmonies concerted the concept of uniform angular velocity in-
to that of uniform angular area.

3. The discovery of the elliptic Martian orbit was a landmark in the establish-
ment of Kepler’ s new astronomy. In Kepler’ s New Astronomy he considered that
Martian orbit was the most difficult to deal with. The highly dramaticized discovery
of Martian orbit due to an 8’error of longitude was in fact a more complex process.
On one hand, it contained the right understanding of the equant’ s physical meaning
and the good use of Tycho’ s Martian data; on the other hand, though the oval orbit

was in accordance with the real motion of Mars and the principal of nature, it lacked



mathematical harmony. The belief of mathematically harmonious relationships in
physical motion helped Kepler to develop the model of elliptic orbit through elabora-
ting on areas.

4. Speculations on harmonics resulted in the birth of the third law. Kepler con-
sidered that the motion of heavenly bodies and musical harmony belong to the same
physical properties, displaying similar harmonious ratios. The harmonious ratios
must be hided in the real motion of planets with the sun as a centre of the universe,
and in his five archetypal polyhedrons. Both speculations on harmony and his em-
phasis on empirical observation helped Kepler to discover the third law, namely, the
harmony law.

In a word, my study shows that the birth of Kepler’ s new astronomy was the re-
sult of the interaction among physical and metaphysical, philosophical and religious,
mathematical and archetypal ideas. This view helps us to better understand the birth

of modern astronomy, and modern sciences as well.
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FEGPRATRREENAL, AT ORM IR E"HFTHR
WER FHOREFEAEX LW IR RERADEEN LB
CHROP —— HRQLTREAMAHLAHEN, TAFAREEN KB ZF
o AN FARARRETAR)BRNTEEH L AER“H "X H
WHH, TEHRBERRTUARRF MR E)N L, £EF4H
¥ % XM B (1. Bernard Cohen) R A B REAF WX M MWL Y “F L
e,

REME, RWHLARALE I BN R KRBT AN T LR NS,
FERUFEHNAXEFENE LA XNER, RoH, THLENE
FHRHAFEMNFE RN E IR F IR L AT RAMHARE , 2 HH
MHAEHHEERIRREFAR, FIURX TR EAF AT NER, B H
ERBRE-FXRMETHNER, ER WEEFRELWARIRA
BT PERERRENAR TEAS TFAEAFTARNEL WA RS
RETHFNRR BB AEX - T a#THR. R AR
BR-—RENEESRASZHE AR RERNENEFEH R ¥ W
5%, RA% % 3% A (Christopher Cullen) fi K B Bk B .“ F#H 4
A-—AFXFEBRACHALHNAR, TURRKRMNH#TEF HA
RXFELFREG—ANFL" W, TEE 2006 £ R A XL KB 2 =



HEFRFFETFE AT R ELTRXRETREN A

WX REHAUFEHR(FRXEIAFOR WAL HHEX
XEWFE, TERF¥I AR . FELL R LE2H R XR,E
BNEAARAGHERTARPEC AL RERFHER T AHE LR
Xo BAA, ZRERBXEUTIATEHERUF: —ZEFEH=
k" HERREFEHARERFNERERET T AL, FHT
FEHHERAN A" BERX  WAFHA, F—Ehal L, =
RERREAFEXBWEM E, AEAXREBFET TRAK S X,
FEEAFEURXFNERFEFAML VTR TSR N ERET
TTEZHWER, ZREIR"RERFUEF  NETHAEHERFEELR
ANKBEEARALAR RLER  GHEE BRBEH. DZEAR
RWEFAXFHRE, ERAE A AN TERARN RN E L, HEF
EWmM L BRESFHREFESRBSHAERIRNEAHLETRHE
ARFRALAEFEE,

A EGABRAEE AW FERER AV EL TN HA
B AXFEHALS " WE —~KHR HEHRSRAZXNRFAFREN
RFFm. EAXFEHN I, RATEH 4 EX —F %GR
BAXHFHENRRRIA A ANRME, HREAFRBERFRESELR
EHFMHEERHARRAETRE, FESHF AR

IhNEE
2010466 A 6 A



En teviesas T
F—F AKBABEFKHE-
£—% HARFAMKZR-

FF %%%%%EE##%E%-MMM

FZ¥ MREAMBERER -

$WY AHLAEABRBEAE oo

BB BRI ARCE e

%% BEEERARE R

Fo¥ EFFIAALK -

BE=% FEYBEERREEHBR oooeeererneenn
Y BEEENTIRA -veerreerenoeasanne

=% SREEWRIE -

B QEEEBRRMBE eoerereereeiennans

FoF RREFHFE -
=% WHHER -

BUH BE R HIL e
BEHEY FFLHBIEE P eerreeer oo e
e . 109

- 109
- 113
- 117
- 128
ceee 132
-+ 138

B RESHEEE.-
FEHHREAL -

R EENZI

% vereerene
¥ REKEHMEF R
¥

.. 18
. 22
- 27
.er 40

e 40

. 47

.. 53

.. 60

- 71

- 71

.. 80

-+ 90

.. 97

- 106



5 =

FEHR 1T HER¥EGTRERNIEAYZ — B REOF2 8K, 5t
RESAMFARHAGRANUESER EXTHFHORLEER, BRGKHFSE
AR S AR R OR A 4 B SR, (B RO AR T R B A X S RUEL T
WEPRB, TR AT EHERE TS E L ERME M HE RN ER
B B~ R EHEE HRE—-ERTEREFRRZAGBRRTR, F
BRHENMEHBELB T,

FEBMFRCEE M AT ERE—EH? DIRTE WA K SCE R
R R T B = e A, TA R SR AR 4 Kk B LU 204 R 8 6 B0 388 B4 3 o o O RIRE 2Y
Bt B MBEZ A B 8 REM MM FE T LARTA A X SC#EIR, T [ 5 il
BAR—MIETUEL, FEBERCE LHFRRER ISR ERRTX, XEZHR
ERA¥ERFEMA, XEFEBRE T EHN2ERANHRER. RATFEHH
BRCERE“FEML? RE=XERI . FFEHMFRANI L TR, F¥
S S FE T (Bernard R. Goldstein) 45 Hf TR LA SEK X ¥ M ARDO.OE
BAR., FESNYEEERREN, MARMRER, THXF EREQE
B, OW¥EAR, FEHHHFREZZE5NELGRRN ZMA—E" KRR, W
AMULRZZFTHHY . QEHMAR. FEHHAXCEH B KRTERPE,
AEEWECEER, @BEAR, FEHXRIBEMILABE M T B X5,
W AFYERINE RXXBRE, TRAE G BXBRIERRILARE. ORBELR
Fl. AEBAAXEMREHMEERSEENXR, MARAE LRAREXER,
OEARR, FEHIATEEHARSUNER —BMRER, SR EX
SEERRAFERNE. HI,XHFARAREATAESHRICEEN¥LS
BRXRICENAR, T BEA T A8 X E L SERXCERAR

LITEBHIL A CHEERZ I FRIFH, 448 & R NRXA R E
B BAFEHRA EEAEX—ME, HEMAEGCH(HFRXXE)REPH
B '

(@ Bernard R. Goldstein. What's New in Kepler’s New Astronomy? John Earman and John D, Norton Ed. The
Cosmos of Science. Pittsburgh: University of Pittsburgh Press, 1997:4 - 12,
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AHP RWENIERRE-ABRANRXLERO(HAURKE
EZHWER), UERNREERTEHNERBE R YA, BEH R
L #F e HEX K, FXE,Z£1608 £8 A RE(L &
+TEXITENLEESKELRNERETEL4, 159358 Af 9
A EANAFREZBERS TRERFW AL, XIARLRAKRE D, FH,
ERALEIAENAETE B TENRERINER, AR MK
FELSEE( BT LEE) RFBUHA . REUFARREAYEFHTE
EFHWERRAE, ERFRABLASGREFHBERXN RAEFHRX
FHRAAR(A-BAKEX)ZEG GHHFAARERY, W BWE,
YR FAXLEFAHMEIRK IR HEHLE R, UEFHAX
FHEHRE  CRTHSAANTRZE ABF EEADBHE
FHT, OF B FEMERBANGAFHG NN TE—RAR
TAPFHHNBREZ A S WHERS  BLRANNTF %O

198 R L T 2 45 18 At iy (T 2R S0 )R8 7 Sk X 4E 8 K SO I FE BT , T X R
RERAYER WRBERMRTENZS, BRASENFELRZETT RN T
DMb7EREHRER . A XEBRRAWHEERN, EHAMMOAINEY, B
BRICEFMILTERA " HETUEL WERAEERFEAERXENEIER
Ko RERLERRBEN, MRBEXICETRYEEN—F4, B Z X d
EFEOHENTERE, BRUHXXEZEERRLERKRINZL, B 5
FHNRNEMAUELBPREATERNAE. MREVEHR - EFEEX
FECE LR, MEMR R REE(TFHIBE) P, MBA S MEIRENS
AR AT RN DN EER 6, MARIMNMEF, AT, T F S5
REAERCENITR, RBEXREMNOYE SRR =m0 ERE,

B, a0 TR T B R R A R R CE I B B R B 2 B X R
B AR FEHNE AR, BRREIRXF AR FEHHFHK
XEBBREREREMH LT EES, REFEHEHBENELR(FEOR
#)(1596) , XR—MEHHARHOLERANEEZE, HPh—FHRRE -4

O #HRYF FEEAFLE=ZDPARGTEZSSIHBER.
@ Johannes Kepler. New Astronomy. Translated by William H. Donahue. Cambridge: Cambridge University
Press, 1992 48.
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BRARFEHEGOEE. T ARENBETHGENEE RADMNESHEXMEF,
MARFMETR? FEHKXBENER EATFARKHRER M., fHS
MANI R ESTAEFHBEERES MTEXRZE, RRBER T ATENEE R
6 N, AT X FEE FAERE EFAEYH U, FERERARBRT X LM
HEER ., BREMSERICEP, RLFEFRIFRT 5K 0 R F LR, 47
ELHRMTBBERR BRHEFERXRXFPRFREI-FH"BEXEL"HT
B ¥¥RE-FHEPER HEAZLPTRNEX . EFHH, EERALY
FERA A AHABRTIES HEMKEANEAXR, REAYHE TR EK
AZEY, B4 HEFeEEGRIRE)(1609) RRBA S HH X XEEH
HIBRAEBENEE, XBEFEEREEREXNEHEEYHNEMZ L, #£F
EEHERN=ZERT, FHNMEEEELNP, U, XUERRIMNERFEH LA
FHERBEERNREE R, EXAEER MFESRRET MOPEEL, B3OSR
ERER TEREE AFEERBTOEES MESERRAEERATH
REfd. FAMNARNNBHEAMREXNCSEBFTAENSEZEMN 8REM
FE.BEORLRFTHERE-_TEZFENEBHE . BHTHEEHENEES TR
A&ig, 1617 EFEHBR T(HFARRUEME) MECHRCERBET E
SR, ABNERLR TERHFN(EXRR)NTARRK(XEKEFTR), R
—MES AR ERGEE, 1618 FRATITEESIHMIKER,1619 £ H K
TCFEHIAE), ZBRSUHA T ERH R WO E L, XA REHEAE
ERBTHMNE=ERNER. TUR (FHORE) (FRE) (FHHOM
YRR B S THEMFRN R %GR, BETJLEHRAKNF
Y B R CFMBRMANE, B, IRFEHFHROENER, T N bR
EHFT S RETRFAEHHFRXFN=ETR, MESRPHLBFS, E
W {H R ICEYFESCFEF BEHZE (William H. Donshue ) frifh: “ BAR BRI MU A
B—HAZE AREARKABRFEZAT. ORAKRHARE T XM, A SER
FERENER SREMEBHUMEANYE, RAMEEREFRXICETEM NN XE
MR, 2= RN AN EF B I 8 R e F A 4t i 4 28 RN (4802 R
0 I 2 T 0 e AR R, f8p X e ] R Y

HFHFRCFR L, MABAETALHTR, ERHAWE R BEERZTE
B EE AR EZBX="TEEALHERPHER. RAREENTIRE

@ Johannes Kepler. New Astronomy. Translated by William H. Donahue. Cambridge: Cambridge University
Press, 1992:1.
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76 (Small) B FF R 8 K 0¥ A A FUR ) (An Account of Astronomical Discoveries
of Kepler) FI#I B, % (Koyré ) BI{ K3 ¥ Hi 45 ) ( The Astronomical Revolution) , ¥ B 7E
b B R 32 PO R TR P BT R SO TP B ES S LRSS IR
BLRHAFEZTRERM T, BESERM(FTAR)ZANZEAE." OB
RER—NTARERNERVWER, EXE  WEFERBR T A EHYEELHEK
RAEY ., MELBEE(RXEEMIN AEHEHRRCE—22, BT EEHER
RBEH"O, XFXTFEHIENBRE T EF R ENT LA ENERH
FR, S EFESHOBFERN . EENAMEREN, EXEMRIED, ERET
FrL B X N Z B e 5 i “ B 58, F R B RO BB L LR A
FEHSHAEERMKRZAREAER) , BV AXEER RERREN, &
WM R, HK, R OHNRRBI - EBRIFSHCE UFRAEE P
R A TE R b AW . O R M 8RBT TP 3 B R e 4 RS
JE NS0 e B B 22 R B o

e 20 HE42 70 1 80 AL BT o, B K4 ( Gerald Holton) ZEMB I A H B 1
FHYEAEEIDP AN RBFEHFRCETENREFTERT =4AFE
MIEY . “FHRYHEHNE, FHERECENME, FHENEMRAKRE."OMA
WHTR=ZFZAMXR AW EEEMRZ RS, FEHRIENAREEL
ERIEFIFEREARME R FITIER KNSR (juxtaposition) , RATHFH, Kt
BV B A M 7 B AR A, A B9 T T b 2 R 2 ok ROHE 5 X i AL AR B A R K K
B, AR AR, X ERRANARARENEYN " CURER, B
REUAN , A SERIEBAB W EEN, X=AFENERRE—F“HBI” (res-
cue) RFE, M FEXMHEBXRMEAEAEEHAFBIE. XAEHERANIAR,
BRPNX AT EMBENZRELEERNSEMN. X=MFEEATHE
PBEARE-RXEYEIEN, BERXARDFAHEBE =1 . EYE L BEE

@ Robert Small. An Account of Astronomical Discoveries of Kepler. Madison: The University of Wisconsin
Press, 1963 ;2.

@ Alexandre Koyrs. The Astronomical Revolution. Translated by Dr R. W. Maddison. New York ; Dover Pub-
lication, Inc, 1973:120.

® Alexandre Koyré. The Astronomical Revolution. Translated by Dr R, W. Maddison. New York; Dover Publi-
cation, Ine, 1973122,

@ Gerald Holton. Thematic Origins of Scientific Thought, Kepler to Einstein. Revised Edition. Massachu-
seits and London; Harvard University Press Cambridge 1988 ;70.

® Gerald Holton. Thematic Origins of Scientific Thought, Kepler to Einstein. Revised Edition. Massachu-
setts and London: Harvard University Press Cambridge,1988:54.
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FEMAHPR, TR RBIAK, AMRMBRAEX =P FEPHENE R
HTTHRARKBBEFR , W% X2 (Bruce Stephenson ) 7E{ JF I #) K1 ) K %)
(Kepler’ s Physical Astronomy) F1{ X K)F %) ( The Music of the Heavens) P 5k 43 Bl X
HESHWYBEMBPEMERDSFARTEARNTR., E(GFESH YRR
VP HREA AL RATENAEANIABELROAEZE LBREAR
BE - B RERE A F SN TS R TRAXXFFE, BRT X F
BHRICFANROF AL, BEREFEHECHNA, XHAMRREAZEY, B
HEBRAEFRBBEANFELEM —FH OB A M EAEFTERPRRG
A, MR SRR, XS EFERXENEHREERPERVEERN . O #F
CHREMB T —BEE( R TR T, QR THAEERERATENZENSE,
i “BEE N EFEHAEILP, RICERYEBEN | JFRBIE FIFEEMIR
Bk, A HEBHNHRIERILEEUER,” O /RE(I. V. Field) ZEMHH(F HHH
JLITFH ) (Kepler® s Geometrical Cosmology) kg , FF ¥ B JLAAFHIE R I I
PEXRBHERZ — i “WAIBMXREILMOTES, T ARATEHH
HAILMERXREXEHFHL. TRAEER MTBHEERIEMNE. B THEF
HEBWREE—HER, LB mIUTARS(MERMKJLEESHMAER) " OH4
HESHRTHAENNFHEFAORE) (FHEOIME) FPHBRES A EDNFTE
WZRHXFR, BHEB—REOR, S HH (Rhonda Martens) 7E i M F ¥ B0 ¥
F 5 R I¥) (Kepler’ s Philosophy and the New Astronomy) FEFE T A ¥ WX T
FUARTEYWEERAYPHEXRERNBRE, A EHFEREARLEHITIS,
VRN IFBBET A EHMOHBENNZE, FEH XA BAIHENERN
R F IR AR P AR EE ENER O, MRS T S
RmMF RN FEMERRAEERAIBPRBROEE, AAFERRAIFEH
HETHRKOBEARE . BEFEHST (Job Kozhamthadam S. J. ) FEM I FH X B2
1 RZB) (The Discovery of Kepler’ s Laws) R B ; “ Bl 2 1 R IRV LA LA B B

@ Bruce Stephenson. Kepler's Physical Astronomy. Princeton:Princeton University Press, 1987:2.

® Bruce Stephenson. The Music of the Heavens. Princeton: Princeton University Press, 1994:242,

@ 1.V. Field. Kepler’s Geometrical Cosmology. London:The Athlone Press,1988.

@ Rhonda Martens. Kepler' s Philosophy and the New Astronomy. Princeton and Oxford ; Princeton University
Press, 2000.
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BEFREA L — A RBIFF e B F AR B, — 1 R B RAE KRB
B, OERTRE(2R) B¥NZHEXRIMINETFRHEEERSET AL
MWERER,FHEETX=MHEER—F KX R (partnership) , BRI EH R
FIEX SRR GRERRMA A, RUG AN TG A E—REMN. XMRE
MR AANFESNRFRATENSEEME SRS BEREAS LT EH
£ RN XBAVT P RNAERASRAEFEBREEN, KZHIZA—10
T X 7T & B R SCFER R #TRE

ERIARNBR S AR BHBRAEHRAN=1FE, FHNEEREH
EATHRKEE, BRITEHNRAITEIFFRE RPN L~k
Kynt , RERXAD—FFTE, ZEWRRBABAIRE—FFTHRR, 5HH,E
IR B A LT B MR AR 8 K 305 BT 8 B B B MBS AR X = AT TR AN T IR R A
—Ef. AREERBUGHEERRT KR THAEHROMAAX =1 E
ME-ANTHZRTEE, BAREHEATRESIMERR =ZELRAENERE
A EEFERN=ZFEZEMRR, BLE, ZEZRARERAR JLEERFERT
FEHHOHRER, FEDROYEFERER — DS X 80F LR WmATAR
M7 FESHHHELHEIRSFEUNEEARF? FHILERNE, RIMNIREE
X =ZHERAIMESE—RBH, MBS TN EREHN =&K"Y
HEREFRB. XFHARZH ZA K" WM EARNTRTERREFEHE
KERMKE, XM ELOBERATE BARMANES , WA F b5t
UHEFEHTRAIBRF LY —FHHEHREARN A5 —HERER, FES
FERIE—FRESF RN, JLF SR BRESIER GBI OARE, RE
AT YRR R A2 H R LA R L 0 A B N — 4, BRI RO R R 52
BERAFR. A\BESEE X=FHERXRERFATHBA NS EE X=ZMER
EEANFEBRFPFRAERSONER AXERUE—E—E, FEH“ =
—E MM EERARKAERRBT EH =R R AN EERR. AEHE
RITEEYE EREZI LAY E BT, o LT i, RE FWE, HE—E MK
ZH,

FEHY =M —F"WEFRESEERTOERIR . BEELFEY
B # (Eugene Portalie) §& Xt b7 B9 “ = — & " YE oL ¥ % RO AR 2, 7T LA %) B b MR 5
N HELXIR AR R (esse, to be, FE) MK, RAYMREA R, XEEXLR
fERBIM ERBATFH, X B 5XFINMM—ME /R BR CBEN

@ Job Kozhamthadam S. J. The Discovery of Kepler's Laws. London: University of Notre Dame Press, 1994,



