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His results were not published until 1687, however, when his Principia Mathe-
matica(z£—)appeared. The reason is thought to be that he was not satistied at first
that he could prove his basic assumption about the earth’s acting as a mass particle
for objects outside it. Before he could solve this problem exactly, Newton had to
invent calculus.
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B—

0, A EEAE LS 1 ERE (BEk%), HmE—FEE OP =p, B p B
OP' = 1, TEEH AOPQ I AOQP' ML, Flt ZOQP' = ZOPQ = .
WERE Q BHHEETER dA4, dA # P W3R (Z—EEH) dA/r?, XFKE
B, HEZEE OP WIR/.OAR, Bl dAcosa/r?
B ZOQP = o, i (ERY) BERR dAcosa FILIBERRZEL P .0, I P'Q
SAERECE, ’HtE
dAcosa =do - mz

A do REPER IHREEEITR XHAC=ARRLEAIRRTE

— 1
P/ e
‘ r=op
. 1
PO /2 —
PQ [r? = o
ES)ls
dAcosa/r? = do - TQ2/r2 = do /p*
At X X
/dAcosa/r2 = /ala/p2 = ﬁ/da = p A
TEHEE,

AR RS, ERRRBRRMAT, EF LILRBE R, R E L& 20
B REZRARLHNER

dAcosa = da~m2
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BB (o, 0 EIELIE 0 < o <7, 0 &M, 0< 0 < 27, OP = p, OP = L,
PQ=r,0Q=1)

2m T T
/ / coszoz sin @ dy df = 27T/ cos2a sin o dy
9=0Jpo=0 T p=0 T

r _OP
o 1 7
=0t 159
27 [T cosa .
— —— sinp dyp
p =0 P,Q

TEHES R TFE, TEEH sinp = P'Qsinw, RILINRAEHFEH

cosa dp = P'Qdw
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HRIERARRS, SURLASE]

2r [T TQQ sinw dw 27 [T . 4

- Y T 3 sinw dw = -

p =0 P,Q p =0 p
WEREEE cosa dp = PQdw HERHHL PQ BEEHENINR PQdw fl dp &
R BRI ERIAR, B R — SR L — S MBE R IR dA cosa = doPQ° %
E.(E=)

FSl—HER MBI R RAR cos v dp = P'Qdw MR B BEHFEA, JEF] AR R H

dw/dp = 3‘;,550

B, B =, 1 Ap I Aw B TERE]

Wl Q M\ PQ TEEME, BES A, 7l
POAw  PQAw QA OF
Ap QA QQ Ay

B Q — Q

(1) HEE O BEE, @ — Q B, o/ + LQQA - T, o — o, Fibl QA/QQ =

sin ZQQ' A — cos .

(2) QQ'/Ap — 1, I OQ' = 0Q = € = 1,

(3) L@Bw _ _DPQAw
QA P'Q) sin Aw
(1) (2) (3) HHRISE

P'QAw
Ay

— 1,

— cosa, JREI P'Qdw = cos a d.
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/cosa sin ¢ dp
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B

fE QT" FE PQ', ERR T’ UTHMBLRILOIATF, BT RIER Q' - Q Z
BRI FERE LU MEN ~ 2R, wED RO AL K.

(—) £QQ'T" FEEMZ TR—EZXIIA, Hlt ZQQT = - £QQ'0 — ZOQ'R =
T—2—ZOQF =% — (a+¢) = S(EM)
FTLE QT = QQ'sin ZQQ'T’ ~ QQ’ sin 8 ~ Ay sin B(EF), B Ap ~ QT"/ sin 3o
(Z) QT'/FR = PQ/PF, B2RE FR ~ Al, PF ~ PR
FiVE QT = FR(PQ/PF) ~ LAl = L AI(B%).
(Z) sinp = rsina = rl/p(EM),
(I¥) sin B = /1 — 2(EM),
(E) #& (—), (2), (), (M) ’wERAAES X, 52

cosa sinp dp  cosa Aprl

! 2P (=) )
r r p
N lcosa QT .
N = Gnd (1% (—))
- lcosa 1 Al (=) 1 (Al 1 Al (4% (1)),

T pPsing PPyl
B (—) B (f) BRI [oeospeds — (A AR [ LA B EEE, F
B EL p? BUR L (EE),

B8, LREE [ L ERER [ %‘mr@%, ERES o B3
BB T 2 ) By, BME 2, DL or [emespede b SomakTEAY S|
NI UER [ER2WmERERD ) (FH)

rp pcosasinf3




—EREFEIESHE 55

FH—. FETE 1687 £ HR (BAE 2 H2FH) (The Mathematical Principles of Nat-

ural Philosophy B¢ Principia). HRFFRIIERES Philosophiae naturalis principia
mathematica.

HEEARTR 2005 2 HH BRI AR, FH 2 st BRACGREIRHE
ARPEARE T E (GREAERT ).

 EREEREMES 15.24 ~ 15.25 EHIFHEMT (EF p, ¢, 0 BERELE 0 <

p<7,0<0< 21, OP=p, PQ=r,0Q = p):

A
P

v

PER R BERL MEER M RREHRN -8 P (HE n) WEF5INE (Z
E—-EEREIIER)

27
/// cos & 2p sin o df dp p—27rm/ / cos2ap sin ¢ dp dp

B o, r /o, p B, EREEED. A HGREER, I HERHE p ERER (1
BB TLE — )

_'_ —
cos v = u, K 2ppcosp = p* + p* —1?
2pr

HE—=AB
2ppsin @ dp = 2rdr B sinp dp = " dr
pp

p+p 2 1
QWm/pdp/ pﬁpﬁpdr

p+p2
7Tm/ pd/ 'Odr

RAERD A&
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™m R 2 _ p2 r=p+p
=— pdplr—
b= Jo r r=p=p
=T aprdp
P Jo
_mm 4y Mm
2 3 2

w
[1]

IR cosa dp = P'Qdw, HI

cosa dA = cosasin ¢ dy db
= P'Qsin ¢ dw df
= P'Q P'Qsinw dw db
= mQ sinw dw df
A sinw dw d HEFE_EFH do.
M. (RHE) FERHBREERH (—). (2) MESREHrE R

Apsin f ~ Al

P COS v

WAMERHARRA dpsin g = 1 dl, DU 2 Bt& oz (E)

B [ =cosf =psina, F dl = —sin B dB = pcosa do, BA (a+p)+ =%, At
LA sin B(dy + da) = —sinﬁ df = pcosa da B sin 8 dp = (pcos a —sin f)da =
r do, XRB —L—dl = pcosa da =1 do, A& sin 8 dp = —=—dI, 145§

pcos o pcos o pcosa
RABE

BOMEE L R 8 (W (—) «(2)) Mo &R (0AEDN).
AR HORERNRERRE [, FERUME 4 KmE THESR

/dl

AEFTE BN, WERBEENZH ¢, BRI ARE

dl
—dt
dt

TRENGE 4L A3 1, H—BEBRMESEAER. ACETEE r BESSE
BEAXF=ZEHER (FH) UAEARARERE | BEI2H, WELEBS.
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