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LR

1% LT A & K 2
—— R R AR REA

EERdh AN BHOAGELAR AB A RFHE A, B A &L
9 @ ANz B 2 18] 89 £ 5| (difference between the locations of A and B) &) £
AL R+ mAL# @ £ (displacement vector) M & & Z Ay T4z & £ 5|
MR B LGERTATE - CEORK AL A AB O F ade KL
BB ER S BERAA QAL AB A AB ARG TR AR
AAMAREGEGNELXLARF - F—F @ 2R FGFHTHhie
ZR P HE—NERERGFEGH o LT LA H G E AR L3k F
HBe)p—fRE R L@ ERFHRR—FHOGARAAALR > A
HERTEMAZGLES ) > AEAMNERT CEZH — 4%
Rk T -

5.1 =& @E e ERMER
(L) : FZRAPH— AT r %R L

\ \

Pr(PY# Q7(Q) AR & FIiTmEL%F %k

W AR 7 A 2 & —AF# (translation) e
(23 51) : ® A BAZTRAYHELAESLE WHEA—NE—FH 1
1243 7(A) = B (& A1H X 7(A, B) i2.X) °

85



86 B A E. EILRGERE

W REA AN

# A=B> MNBEFTHEPATRE o

F A+#B AL 23 2FAEK ABEXT Af M (M £
AB ¥ & &) 89 F @ » M Ry, o Ry, XA K G4 AR6G 0680 4 Ff R o
FEE— M e

X PRZBAFELE A 7T ERERAEGFHRE @ 7 DE—-NIK
ABRStE B&F#% > KNAMZIEAE £ 7(P)=71(P) > wHT% Pr'(Pj,
Pr(P§ # 4 AB A Fiim A% % - BAR P Ad AD FIARLER
—F LM BT T(P)=7(P)° &1 T P ZIELE » Bk 7' fo 7 &R
— Rk o ]
(£ 52) &, RERYGAANSTFH > N non L2 —ANF4#H% >
iy EL ToOTyL =T1 0Ty °

W ELERATE RA R YR T A =1(A), A" = 1(A") = pory(A) °
WAHE s A TERELASE A BIEA

Ad 4 BB, AA" 4 BB

L£F R GFiTmAER » AN BIEREMNZ AA" F2 BB 4ok & R
BT RELE K o HIER LT

(B 51]

Yo [B 51 B % > 4 AB, AB A= ATB" o &1 F @ JLIT & Hedo 89 F
1700 3 A B R T L

[TABB'A' #2 [7A'B'B"A"
M EA R TFITWA » BL
AB 4= AB, AB 4 A'B

EaJufT$dz =
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HARG T mA%S %k AB 4 VB wR A FirmA% k) > A
s [TABBYA" 73 & — A FAT@M A o FfARIER T AA o BB A 2
Fle+47fm BF ke > T non L&—AFH -

HIE o =107

b A* = rp(A) > WA AAF Ao XA R A F iR Rk A
[TAAATAS % — A FAT@AH > A AA" de AA R 6 F47 @ A%
¥ o BT VA

TIOTQ(A):TI(A*):A”:TQOTI(A)
mARTRESL -2 T romn 2 oo &4 F 6 T Ik o ]
(EXE5HF] : BLLERPRFEREXGFHASLS non=non A
T, T2 XA (sum) > KEAFFT n+n AT o BA o ARERERIMNB X
AAaEEKDEFHw a b e, x,y FRAFEHGE - RRIAFFFT »
7(B,C)o7(A,B) =71(A,B)o7(B,C) =7(A,0) £ TAE R a+b=c"
%4 AB+ BC = AC -
2] AmE AT T KlleEF EHZ /\4%55&6’3%7 T A0 kR
T AARNTEATFH 70 BH npor=7019=7° MBANFLLE WK
HETEA
O+a=a+0=a

A% AD (78 (A, B) ) 89 T4k 2 BA (7B 7(B,A) ) » MAA

7(A,B)o1(B,A) =19 =7(B,A) oT(A, B)

(AB + BA = A4 = BB = BA + 4B)

Ftvhie. —AD = BA (B —7(A,B) = r(B,A)) » 7B
(—a)+a=0=a+ (—a)
5.2 AxAb e & 6)E F A

Er—YHEXEbEagEmEizlE  SREATRRRYEL
1

KUz =
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X#MB#E: a+b=Db+a
o5& : (at+b)+c=a+(b+c)
(2] BA— AW T HRALGMLHRELEY > AEBAEGMELT
XAFHGEE BRELLEHREEHE - AL > &
(AB+ BC)+CD = AC + CD = AD

AB + (BC +CD) = AB + BD = AD
TTUNAER LS GEO IS SHE -
FATHE : A0 AFERFERIANBRGTH > (—a) Ard a Lib
Qg FH > MA
0ta=a+0-a f a+(-a)=(-a)+a=0 kkz

EZ] : P A [ 3E 52109k A AR Ao = 8] P 69 [ F 474 1 (parallelism) A
BRFATWAM LBkt c X #HEHE at+tb=b+a 7T AMARLT
FHOUIH TR GEREL X - b T L EERNEFREANGE
mE R A R AR RS TG ILMEAR T —RFIFwa W
T I o

5.2.1 FMMUZANTEfLH G914z

— AN aEEIE - EERE AN o MG EF o BRI AL
ARl n A (LB EGE) afat BT LR n-a T :

n-a=a+a+...+a, (n+1l)-a=n-a+a

~~

n A

## (-n)-a=n-(—a)=—(n-a)-°
WEREHEGEOERBOT L ZH BERIET I EFA - B -

i) m-a+n-a=(m+n)-a

(ii) m-(n-a) = (mn)-a

EaJufT$dz =



5.2. fo#% @ Ehy L HAE 89

(iii) n-(a+b)=n-a+n-b
i TAELER m,n FPIELEHEGE a, b ERL o
[ AR XA jakBaE (i), (i) 4= (i) © |
Ka=AB#0> KN TR AL n %5 > 4 {B,1<i< (n—1)}
ﬁﬁff 2N - ) ﬁll %‘

- = BB
- n

ABlzBlBQZ...:BiBH_l:..._ nA—Bi:@

WT L &MNEHE Lag L AB s BACRRA#HL n-x=a
o —fR o BA m.a )R LB KR

%.a:m.<l.a> :l(m.a)

A Wt'TV/\;}MJ_ ﬁ ARl ERAEY KRB R MG o m A LR
2!

ook ik & E— é ?W%ﬁxﬁ’w
g (30)-

m%( )= ()

- Mmooy

(iii") Pl (a+b) " -

BH—F o RN EI N — TG T L KSR FATE L o & A
B AT K (FARAREE) ra=AB-4 B 2HB AB W
Aol — b BAEAFA B K E 2

W:ﬁ:/\

>+

M A-a BREZLAY AB s BA TR —( 051843 T R IR M R 2%
’EF'

[3% A A~ %ﬁ:/\?ﬁ@uﬁc—% P 2mma AF = —ﬂ%,
q

ABu-Zﬁ M B* FAF B, B" 20 e

KUz =
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fn 1 A b & g R W = Budoxus % 3& 7 32 Bp 7T 321 b 3% BT & L 69 2 %%
1&g 4Efn du ik R Bl A 6G 2 A2 - By

(i") A-a+p-a=(\+p)-a

(") A~ (p-a) =(Ap)-a

(iii”) A-(a+b)=X-a+X-b

st FAELZH N pAlEt e E a b ERL o

(2] Ak BARAANTHRETE T ELE AL 0 @@ ILTE
AMEZAMTEMNAEXTHRMATRGERTIE « Atk > HFEENE
RSB k- (a+b)=k-a+k b oARRKRE LR EKE T REAM
MR (5A& [B52) -

4a=AB,b=BC>Ma+b=AC- % [B 52 F = -

A a B B’
[ A 5-2]

AABC ~ AA'B'C', A= A' @ B | & L4840k » ) AB' = k-a, BC' = k-b,

AT =k AC =k-(a+b) e

5.2.2 SR EEflit e AR

—NMaR @ F AB =1(A,B) & 7 de kAR AR KRR 0 KAI1H
MES |a| ARLKE A Lab) AFAEHFOZE > FHAL LA
Bk o EFBIATEOHAT > ZABARBAFOEREY > A d
FRAKRZAY > NEHZAFGURTA> A ALK a b atbe
&P @ LT P AT Rt SSS. A4 KM TREA Lab) LEkL =

EaJufT$dz =



5.2. fo#% @ Ehy L HAE 91

#H*% |a|, [bl, [a+b| FiE—MFE - BE > PEFTEFTHOABRTE (¥
ARG R KT ) W TR E K

% Za,b)=H A » MA |a+b|?=|a]>+ |b|?

%E~%§ab%HFE@%&M@%%%Ha+bP—hF—mF%OoM%%
a=b W4k EN > M A

la+b[* — [a]* — [b|* = 4[a|* — |af* — |a]* = 2[a|”
EX o TIELERMLHEGE a, b THE R
(5.1) f(a,b) = —{b+bF lal* — b’}
& — AMEAFFF 8 JLATE > Blde fla,b) =0 7% a, b EAAEHG AR

# o @ flaa)=laf TAEBEAZ - a b®¥kE - XAHAE
WA X IUTE o B2 ERTIK 5.1)-XAZ XY LM EZEAEAR M

R AR RAECRGEARMNBEHGRERER o b.lL?}f‘\-ﬂ-i]-ﬁ’ﬁ:
%t B f(a,b) = f(b,a)» M HFHERALAACEETERLA TR

gy Ha R o Bp
(5.2) fab+c)=f(ab)+ f(ac)

ZA fla,b) BEL (B (5.1)X) KA (5.2) X » BAM B4 » 57
TREAZANEEGETHEF X 78

2{f(a,b—|—c) - f(aab) —f(a,c)}
(5.2") =la+b+c/>?—|a+b*>—|b+c]*—|c+al?
+lal? + b2 + 2 =0

ZuEA LR THEL=ZAEF {a,bc) ALBRLIOEFXNIAT > AR
EE—ARGH M THELE=-AGE {uv] L& RLGEFXR
PER MR FERRREHEN » kR FEET A & F 1 A
kERA TATH ] - Bl EXBEMAESH SARBA AN THE
REREHRBEOEFXG THA ) ARE#AREPI > L2

KUz =
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Ak BAMMARERELRBEZE THARE] - THRA (5.2)-X
&A%ﬁ’&%%ﬁ%ﬁﬁf&ﬁ~ﬂﬁz%L AR L E R F X ? &
A (5.2) XA MA
lu+v)* = flu+v,u+v) (R (5.2-KEHA)
=l f ) + )
lu—v)* = flu—v,u—v) (A (5.2)-RE&F)

= [uf + v = f(u,v) = f(v,u)

mTR R AEFX (R XGRTHE)

(5.3) lu+v|? + [u—v]* = 2ul* +2|v|?

HEE LBRX—ERMEEINAZEA B (5.2 XERL N
(5.3) R Afs B i o @ &A1 A E B M E KA LT EHIER (5.3) KB
R REBEERACRIER 52K (FE (5.2)X) ERL - RifE
A AT R RAERATAE (5. );r‘i&4%m%ﬁmoﬁﬁﬁ
ERBFERZA s ARG A IUABNALOEN > F—FCEERL
REPAE u, v ZHGKAAEO I F o "ﬁ:%ﬁ/ :

Z /u,v)=0H0 > |jlutv|= ‘|u|j:|v|‘ > BT VA

u+ v+ Ju—v]> = (Jul+ |v])* + (lu| = [v])* = 2Ju]® + 2|v|?
4 /u,v)=r i jutv|= ‘|u|$|v|‘ > BT VA

a4 v+ u— v = (ju] = [v))* + (Ju + [v])* = 2[u? + 2|v|?
Yulvi s 9OREE A

[u+v]*=u—vf=uf+ v

= lu+v]?+|u—-v]?=2u)?+2v|]?

rRATEAMEEG O E EEERET TR —ALGHM G
%’)jfif;_ﬂ.&«%‘lﬁé’] AAFZREH R A 569 B e [H 5-3] AT

s EMNTUREZER Bl v vi+ v P vifeuEEm vy
ﬁ"uﬂﬁ (k@) o

EaJufT$dz =
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(A 53]
HAE 5 ST (5.3)- K AIE Y JaF Eik =40 b E R E Q40 T A5

lu+v2=u+vi]? + [vof?

lu—v[2=|u—vi|> + |vy|?

[u+ v+ [u— v = [utvi + [u— v 4 2|v, [
= 2|ul? + 2|v{|® + 2|vo|? = 2[u|? + 2|v[?

(5.4)

RATERAT AR R A ER G (5.3)- X RELKESR (5.2/)-X89E @R L -
Hu=a+b,v=c’ B H

(i) lat+b+cl’+la+b—c|>?—2la+b]*>-2|c>?=0
Hu=av=b-c’ A

(ii) —la+b—c—la—b+c|*+2a*+2b—c]*=0
Su=a+tc,v=b FA

(iii) la—b+cl?+|a+b+c|*>—2la+c/?—2/b*=0
LSu=b,v=c’ BH

(iv) —2/b+c|?=2|b—c*+4|b]* + 4[c* =0

BrrwiaF XA ABRA L B/EFX (5.2) T (5.2)-X
L@ e

B raegitk s RMNMAgRcEALER > EWILAE f(a,b) =
{la+b?—|a]>— |b]*} BA 5.2)-XAAREAEEMELHFGHR > BH T
MeEE /LM 2ARGHE T TRE - A XE&F > &M% %e

KUz =



04 %A F. ARILAR A ERE

CHRRA—FHANGE RS - P REG—FRR > B E AR
(inner product) #F Z A % a-b k& X > R B2

1
(5.1) a-b=_{la+b’—|a] - b}

AW EARGE AN o IHEBGERRGRZTEAER (5.2) TR E&K
T S HAE R

(5.2") a-(b+c)=a-b+a-c

TR RGO X EFCERNARLES T WFOETF o
(2] : (GEAR) LB EGET a bR a-bELA

1
a-b= §{|a—|—b|2 — la]* = |b|*}

A AR 8 35 F AR

(i) a-b=b-a
(ii) a-(b+c)=a-b+a-c
(iii) (ka)-b =a- (kb) =k(a-b)

(% k& ERRA & (i) & (1) F (ii) S - F k2 HE k5
» W] ST R AE AR 69 W 4% R M A= Eudoxus R 3Z e A3 § o |

P AR 8 JUAT & L

(i) a-a=la’
(i) a-b=0<alb (ﬂWPﬁmﬂ:ig)
(iii) & Za,b) =0 & —fHFH

a-b=|al-|b|cosf

EaJufT$dz =
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[ (iil) 89 RBIE =0 R 0 =7 X AAAFHREN o
Z60=0>MA |]a+b|=lal+|b]° FT A

1
a-b={(lal+ b)) ~ [a]” = [b} = |al - [b] = [a] - |b| cos O

£ =r WA |a+b|=|lal - [b]| > A2

&bZ%MM—WW—MF—MﬂZ—MWM=h$WN%W
E—GHER > T b 2 @R
b=b;+by, b Lb,
m Za,b) =0 R 7 WA

a-b:a-(b1+b2):a-b1+a-b2
:a'b1:i|a|'|b1|

7 +[by| = |b|cosh ° ]

] ERAXRBTAARAZANFEG TR A BTG AX > B

s — a-b B a'b
lal-[b|  Va-avb-b

Eg FRAXKZF@ILMTPRBZGBRZTHE - TR kE
FABRATARGEAREAXTE  "ARAKEXLEA -2+ 98
ARG EEZE FHEIRE - AERR L ARIEREDTZIGRE
MR Fo B RITT LT UAHZ GR T ER LY ZEH X -

5.2.3 @R GRTEILS G F 6 x—R

WEERLZABGZ RS c MEAZARERXT — R0 @k
REAZAMQGRET > ENBEHRIA LI T @R > 4o [B 5-4] AT+ ¢

KUz =
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WA g I

% OA,0B,0C EXF 0> C£XT O A9 =ZAZ AW AOAB,
AOBC, NOCA EAR £ & » 9 AABC M A LtbZ A @A L H - £ 5
BHEERTFORE RO AXLE LR E R W @RS @ @R G %
AR2Hl M BEROFFIRAEEET AR ABYERT T IR
? XA RN EZITRBIEL o

(22 53) : (BROABEE) ~AEXWERGHBERYFF
BEFEMEAGG@RTF 2> 58 (A 54 Ff+

(AABC)? = (AOAB)? + (AOBC)? + (AOC A)?

W A EROERGZANAERT O 280K K2HZ 0, by, (3 N
WK TEISELS T ANABC 9= ¥4 3] 2

a=\0G+0G, b=\/C+1, c=/03+13

HGREAZHEZG=ZAHB@BRSHA

1 1 1
AOAB - 56162, AOBC - 56263, AOC’A - 56361

EaJufT$dz =
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BE v F@o/fgbesariEZ o AaamalFr 2

(AABC)?

= 2(a’b® + b°c® + *a®) — (a* + b + )}

1

= SPGB + BB+ B) + (B +B)(6 +6)]

—[(B+B?+ @+ 8+ B+ 87}

1
=1 {46305 + 40305 + 40307}
= (AOAB)? + (AOBC)* + (AOCA)? M

EARIUTY » AR EEG T 2B T TEIEHLX
‘P1P2‘2 = (@2 —21)°+ (12 —11)* + (22 — 21)°

ANMEXLR 2R PEAE PP, W KETFFETECEA A LMEL
AR ENZHNEARVOKETFFTI cBARE XGFT afb =
N ARy L& B YA GRE D HE (ay,a,a3) #7 (by, by, b3) » A
S 52 e JCAASE:Y
a-b= a161 + a2b2 + a3b3,
% a=bif BH
la? =a-a=al+a)+a3
WT L ELEARAXESEBZAXGHES o
(RS NATEXLA : ZERF—AFEAYEARFTFTECAEAZA
THEFEEGTFE (Floe—NMERXLFRAG A2 E) LG EARHY
BARFFI e AT UAFAE » KMNLEmREFRaRG YR THE
AR —FHUMALEZRAFT—K Fafs—HFaIEEg AR ]
8 3E % E 3L o
Bie EMNe— N GEABEER—FA GG I-EEARIIMTEY » £ @
Flrwa® //(a,b) B —F A @8 2-BERKILTFY > k8 RS HE 5
ZLGHTAEL—# //(a,b) #= [/(c,d) X 1A &) [ A ] &4

J/(a,b) - [f(a,b) = //(a,b) # @A F 5

KUz =



08 % 5 ¥ @ E LR A ERE

@A //(ab) A /(c,d) 8 T KA | 4T AH EMF £k 6 % A5 i+ 52
;“ o

EEAEREE L BHE o & AB # OD 4 » M A & Ak
S FEAG A G KB AR 0 B
= _[|AB|.|CD| #m*xF# -
Zﬁz@—{_mm.@ﬁ\%@%%@o
£ AB# CD F#28 > 40D R CD A AB Ly S E#Y » N
AB-CD=AB# OD & H 61 LB 2 RAR o
WAEERNREST [(a,b) & //(c,d) G ARELFA G R LT >
Bp
i) % //(a,b) A= J/(c,d) £dEH » T XLERNRARL G H@ERYG R
A2 s

(i) % //(a,b)F //(c,d) F&E@M » MELERRA //(a,b) = //(c,d)
@R EERGRR > P (c,d) AR /(c,d) £ J/(ab) FikF
@i E ALY

HUL % <//(a,b),//(c,d)> &7 L@HTZ L& o
(£ 54]) :

<Jl(ab), e, d>= |2 ¢ 27C

EW : (1) & J(ab) F Jfed) EE—AFEIZAH £ I ERE
—A@ME {e e}, e = |ex] =1, Lej,e)) = 9 ° 4 a-e=ua; b-e=
bi, C-e; = ¢, d-ei:di, 7,21,2 ’ W'Jﬁﬂiﬁfﬁiﬁ"ﬁ‘ﬁ']f\ﬂ?/f&f\ﬁl’ﬁ

(4] d1
cy dy

a; b
as by

<//(a,b), //(c,d)> =

aicy + azc b1€1 + bQCQ
a1d1 + a2d2 bldl + bgdg
a-c b-c
a-d b-d

EaJufT$dz =
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(i) % //(a,b) &= //(c,d) R @ > @ J/(c,d) MZ [/(c,d) £ ELEY
B //(a,b) 9TAETFE TG H L > AU LRATCIEE > I A

<//(a,b),//(c,d)> = <//(a,b), //(c',d")>
a-¢ b.-c
“la-d b-d

AE rc—cd-d NHREEATIONYGE > Mma bMAELTIIA
Z > BT VA

, b-(c—c)=0
a-(d-d)=0, b-(d—d)=0

7R Bp
a-c=a-¢c, b-c/=b-¢c, a-d=a-d, b-d=b-d
PP 2 4%
</lab). fed>= 25 P .

[T 54 AXA>EFREA AR 2%l FREKZKNATA L
% 0 Bl

<//(ab), f(ab)> = |22 D2

= [a]* b|* — (la] - [b| cos )
= (Ja| - |b|sing)*
= //(a,b) &y @A F 7

BE o Ke,enes PHNE—AREELLARALE vy, B LG ELGT
o A
A

a = aje; + aser + azes
b = b161 + b262 + b3e3

C = c1€;] + €9 + C3€3

d= d1e1 + dg@g + d3e3

KUz =



100 % A F. qE/LMegERE

VAR WL I R
<//(a,b), //(c,d)>

aq b1 . C1 dl (05} bg ) Co dg
~lag by cy dy az bz c3 d3
az bz c3 d3
+ aq b1 C1 dl

= <//(a;b), //(e1,€5)> - </[(c,d), //(e1, 2)>
+ <//(a,b), //(es,€3)> - <//(c,d), //(e2, €3)>
+ <//(a,b), //(es,e1)> - <//(c,d), //(es,€1)>

B F 8 xR

AL m@ZERIY (AFHEAEFRARMBEIES ) »
EMNTUARA—4E—8@aE (axb) FAPERZZRY -4 (2d) F
fTwd W J(a,b) 9 Gfe @R » 4o [B 55 s E&— M4 a b &
AER » KEFT //(a,b) @AM (a,baxb) T&FUE » I A
a, b & x4 o

axb

axb=—(bxa)
Bt T1E% ¢
(axb)-c=V(a,b,c)
EEEXRKREFATNBRGERFTRERRZYEGE LXK o
(2 55] : A EHx RHKLTINEFAL

EaJufT$dz =
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(i) axb=—(bxa)

(ii) (ka) x b =a x (kb) = k(a x b)
(iii) (axb)-c=a-(bxc)="V(ab,c)
(iv) ax (b; +by) =a x by +a x by

a-c b-c

(v) (axb)-(exd)=|2"9 ¢

(vi) (axb)xc—ax(bxc)=(a-b)c—(b-c)a

(ii) [(ka) x b —k(a xb)]-c=V(ka,b,c) —kV(a,b,c) =0, Vc
=kaxb—Fk(axb)=0
(iii) (axb)-c=V(a,b,c),
a-(bxc)=(bxc)-a=V(b,c,a)="V(a,b,c)
(iv) [ax (b; +by) —axb; —axby-c

=V (a,b; +by,c) — V(a,b;,c) — V(a,bs,c) =0, Vc
= a X (b1+b2)—a><b1—a><b2:0

(V) 73[R 540 x AR Z L HELES o
(vi) [(axb)xc—ax(bxc)—(a-b)c+ (b-c)a]-d

=[(axb)xc]-d-[ax(bxc)-d—(a-b)(c-d)+(b-c)(a-d)
= (axb)-(cxd)—(dxa) (bxc)=-(a-b)(c-d)+(b-c)(a-d)

a-c b-c d-b a-b
= a-d b-d _‘d-c a.c —(a-b)(c-d)+(b.c)(a.d)
=0 Vvd

= (axb)xc—ax(bxc)—(a-b)c+(b-c)a=0

KUz =
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PO G i 0 VKA LK
Bf IR & — 25 » R E RS s TAR ZAE6 ERZEES » F

Ap
RouU={(t,a); teR aci}

Hamilton 89 €] LR T = —FH B XA L EPORLEH > ZhzhiF
4 891 LI (quaternions) © Hhw ~ B H G L4 TF

(tl,al) + (tQ,ag) = (tl + tg, a; + a2)

(t1,a1) - (t2,a2) = (tite — @y - @y, t129 + loa; + a; X ag)

LR~ REFRTREAGZBREIIN  HATAELEMNFRAGE
R BllohmEZ X BB ESE o RESH T REFRENHE
SRFF  HTRERAURFREGZRZILESME B1EI 2T + BN
DB T AT BRI 6 2 B )2 4 E

[(0,a) - (0,b)] - (0,¢) = (0,a) - [(0,b) - (0,¢)]
BEANAZRRFLGEH - @yl > A

[(0,a) - (0,b)]-(0,c) = (—a-b, axb)-(0,c)
= (= V(a,b,c), —(a-b)c+ (axb) xc)

[(0,2) - (0,b)] - (0,¢) — (0,a) - [(0,b) - (0,¢)] = (0,0)

FH o RATET AL F T & % (complex number) 4915 1 & L 3 4 fr 28 2§
15 > Bp

EaJufT$dz =
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A
(t,a) (t,a):(t2—11—a-a, 0)
uaA— 5 - (L,
(t,a) ) (t,—a)

EX  OARTGEFANNZOERM AN ZFEZIEL  CLEHRFE
WELE s RN ARG B EARATR o

5.3 %1&

SR LA TZRORK TR e ENXNEG T8 RNARAEAR
Wl A5 69 8 RA N RAF— BB 89 A4 7] & ¢

1. RAABRREZRFTREAMEGORKTH > RO AE L ki
THhIMTAGENGAERFZ > FATCNAZEAELRE o
BE FRZAME—RFEZAWFAAIORFSHREN A+ H
FEGJUAT ST » RO 58 = A 69 B AP 45 BUME R IR 69 3% 48
BHREASNZRAMNHABEMMEFTOZIFEZHFERE RLREL
ST ARG AAREGNLE  CRSETHRETHRYSAZIANL
REFE o

2. & AmA RS AR (R, R, ) A AS 0 LPTAF R K T A,
I, &AMy RAmft 5 I,NI, = ¢ B Ry, oRy, £—4F#
s Clew AlgE— Ak T, I, &4 Ld I, £ 11, 8975 a @
# 2d(M,Tly) + % T, NI, =0 B » Ry, o Ry, RBE XK ¢ L9 &
—RBERERH > mELZE P WAL (GE® II(P) FAIP)NL
A sk 2/10, 11,) 69 7 4% o

3. ANFH 1, WAL EEXZ—NFH > MA o, =mnor o A
ANBRW o ZRTAFHARGZHRKTHBFG—DERTFBE K
JUTERF kF > — AN FHBez R E— 2 BET - MR GFIEL
LEHH TAEREBGBRT EH] » RIALEHEGE - &
oo BB GERR—FHOAF AL NTHA LKA
MFR% s WML R Rk AMZEHGgE » ALZR—FHOH b

KUz =
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%A F. ARILAR A ERE

o BHFK - BRANMAMARELEwEFER > 22EF K
B~AE R -ABRFFOQILMALSH > MNaRXREH A
WARZH TR R » £F=F PRt » AFARGE R
BTt oWA L -

LERZRERARARBLOBLS T RAEAH O FEZA S AR
REZRGEARRREGIUTE - F=F P AT F RO GEREE
MBS EREREAZFEZIFERUTE LIS T XL
X HE AR AT ARFx-ARBE 5 A2 X AT IE AR
FORBPRAGKEERORR TERFALSEGEEARE T E
EERUAMTEOERAGAKX > M AT T FILMEFPHELR
TR AN TE s GRIEFORIRTEEFAALR
Brmm EREPHEEE ! Bl

1) @Emixey L (BP[EE5.1)) MATZRGFERE (FE
FiITHX=AMAAFREATA) - AFTRIUTEFXTF
AT 69 IR R T B AE T AT @ g 69 B AR AF UM R ] 69 4 3 o
MO LR RTERREEEmiE G LB

(i) FAMAKRE PR (KK) ZRGHE > TLELETHER
kR o MAXTHAMBGERAZE —HAMN=AHBTE —
Mgk R xR 2Ry BRAE

k-(a+b)==ka+kb

(i) X TREAF A KO EARTE Gk TERT LK EE
BR—F A LB B LTAMAA ~ B A [
5 6 QAR BAE

a-(b+c)=a-b+a-c

(iv) [ 5.4)F [ 3L 5.5|H7 &85 xR EFAET) & 2 1A JUFT & F
ATaR KRR -AOAFFOLARAZERLE | 2L
ARBELAMEEIAHRERIL -

d b AT T e E R AR T RTS8 54 AR LT
BOARREOREAK > A E 2 HAASATRA—£ 22

EaJufT$dz =
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HROIMTEARTE AP TZOHRZ 0 RER S &M R HX

AEEHSROHBXERE TR gEREILZZREHG L

@ﬁﬂ%b%ﬁﬁ miiE AN E T AR (B AR A
X)W —HEHREMORE o

5. R EARGEMAETEL AR A BIAHE—REASE —H
BB AB> mERGERKR L ROR TS HREFAN - AF
FRILFTEF > A NERR AR > @A FTASERB R
FEME ARG LT E T » K448 = 7 69 xR SRR T A
AmBERGEH > RIARKT®REF > RL T84T A
%it?i’l‘ﬁlﬁﬁ%‘ﬁﬁ MK e = T JUAT 2 89 A i R FE B AR K R
WA R R Lo BH  METEAMBEZLEAEXLTRITHEY
(covariant) ﬁ)T V/Uﬂﬁa i BT A% 89 4 & (scalar) AF B A @ A E TR

T 49 (invariant) °

B LERR M BATA R A ERLAFIUTTAEREE
BHTwmEERIF 2B ARERAARTHEYERNNMZAHA
HLE2HEBOARER - BRRFIMEILM » FRARERAEARAMR
RSP

5.4 B~ 3 MAe B E A

[ 4] 4 ]

(1) P,Q, R = A £ ARG @&&HX

%P, Q REZAEEZ O REHEIFE » 4w [B 56] Fix :
P

Q

(B 56]

KUz =
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W 7 A 5% ko 4243 PR= kPG > 75 B

OR — OP = k(0Q — OP)
é»%—”6ﬁ+ﬁﬁaé+6ﬁ:0

BREZ BAATAAEG AR o, B,y HR
{a5ﬁ+ﬁ5@+75§:0

a+B+v=0 (& v#£0)

RZ» ZHERRERENHSG o,B,v (& ~y£0) » BFA
5(0Q - 0P) +1(0R-0P) =0 = PR=(-2)Pd

(2) A & & R EE B Menelous 3 :

(B 57

4 OP=ka OB =k, OO0 =zatybe %> w A B, Q = 5 &
B\ EEHEX A

x-5z+y-5§+(—n5@:0
= rx4+y—1=0
AE W P,QREZAXZYGELHX > IPA
%~5ﬁ+%~5§+@@5@:0
1 2

T
= 42 1=

EaJufT$dz =
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W b R AF
_kk—k k=
ket 7T T —ky
BT VA
0P I BR 1—k
PA k-1 ROk
7P 1%

AQ_y  OP AQ BR_
Q6 « ~ PA QB RO

(3) LA Ceva T H :

ap

A
Ao as

(B 58]

K a,=OP #HNARFE 1 WEZARANEEQE > WL T
B EkA
1
M1+ p2 + 3
Ed m £ PR ZESN (R my+me+mzg=1) o HZ&A
AR A 0 W {ag,ay, a3} #H R FHF X

(ulal + poag + M33.3) = mya; + Meas + Msas

mia; + meas + mgaz =0
¥ (mya; + moay + maag) X ag = 0 4%
mia; X ag + meag X ag =0
= —my DNy +me/N; =0
= AN : DNy A3 =mqy:my:ms3
= A =mA
BHEESE Ceva BB E T %] FoHEN -

KUz =



108 % A F. qE/LMegERE

(4) B F 2R & FiEk
(AP AHEL > BRRT Q,Q A& o4 X 4 L Ley—4
HE o ouRELTEGELKREE ©

(B 59]

% WA

OX = OP + PX = OP + zu
WHTR & (Lesp s X BEETA O HAS > ¥£4 R
7| o B S W

R? = OX -OX = (OP + zu) - (OP + zu)

ERZRFREXNGEAME N\, N WK E PQ, f2 PQ, KH Ak
o BT VA
{)\1-)\2:07’-07’—]%2

A1+A2:—2W-u
#— X 69 JUAT & L3k &

PQ; - PQ; = |0P|* - R? (B %72 )
F = X 09 JUAT & LA B R ?
b PR EARSF (PP, QIQs) B IAA 5 5] 2 & o 75 BP

QP Q.

: =1
: :
P'Qy PG

EaJufT$dz =
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% PP = ka > WA

E— X =\ 921\
A k=
Nk N = Mt

BT VA

PP .OP =k u-0P= 2 oy . op
A+ A

— —\X\ = R —|OP[

TREEREXGUTE LA PP ALK OP LHEARY
R—ABERGGE > FHA L E% o
b~ @

P

@1

[ B 510 ]
[ 5]
(1) RBELEGIAE (1) F 5 v £0BEFRA a0 K [£0MH » B

2k AR o

8 51,52 L S (7}5')%‘> ﬁ%@ ’ Al,Bl Egl, AQ,BQ €l ﬁéi,]lé'é\
o (FF) @WE A X, Xo A 0, b Eish & NEHie XXy
AERTRY X

X1X2 = A1A2 + xlAlB; + ZUZAQB;
(2) ¥ XXy Rl & 5T 0, b 89K I & X R4 B 2
(3) KA BEAEGELTEANELE XX, £

() B—Bat MALRERAD 0

KUz =
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(i) B—AAG > ZZEKEA O
(iti) HAE—F L -

P AR (3)(1) M b a2 BE - RIEZLRHA XX, T8

=
=
!

EaJufT$dz =



A Ax R AT JUAT fa) A~

JUTEEEAELAESHRR > REEIZG R BT EHRAETE
JUATE A o £ BTG » i EABM LA —HB+ A2~ SELHLLR
o MU BAET LT Ferg et o H R BELRBT A SUEA 69 %
R K F G (Byzantine Empire) o [ ] 18 LA AR A L K& o kiF
B 1453 FAF ZFEGRTHAMSRBABEZE P RANE KA
Ao B ut 2 d RGNS T EPRIR 0 ARRT AR L 4o Buclid 8
“Elements”, Apollonius & “Conic Sections”, Diophantus 4 “Arithmetica”
FHFEOILTURAERAABLFH o A LAGMRLTAIT LFF
BB RS A BREA S AN KEEEHNALR - HF ~ 0 REAY
AR GA R - REFRFRALZORE  LHE—-RPEZE L
TH~BEEGAE > bR A TR FE A 4 2 4 Copernicus, Brahe,
Kepler, Galileo, Vieta, Descartes, Fermat, Newton, Leibniz % % 49 7 &k F
TRREARM o mE P om BRI H N G4 L AR BT LT Ao AR S »
CMERZTHTEMREHARNEERAGZESTGEARTR -

Descartes #2 Fermat & 4 4% fE A7 JUAT 2 L a9 4] 2 » Jo 3 R H 3L 69 K
BF o ALH R RIUAT o Mef18) TAEA A 345 & T Vieta 2 REF
LG FEE o B UMM F A REFALF AR E S ~ Fadhi4a R~ 48
FaPYeoevrER_ATHLFOREERE M ALEHFBBR>FHOR
IMEAF KB ER « FTALARBAT LT OGN, » 752 BEAAREN L
PAERE LG KRF WIMTFNRE L RE > GEREGFALT
Zt A bt F s R R ILAAZBAT LM Z A8 T AL o &

111



112 % o5 E. AR B AT UAT | A

AEE BB TG ERELE SR LA U E K B A AR
o AT AR ES R E A AR ART S o £k &N
AR B RECH T W K R AT A s AT LT AF — 1 %46 % ) A 42
o WA B FERAREME LRGN F o e X XFARE A EEHET
VA e FR AT JUAT 69 4F B AR AT 8w ) BA AN 52 o

6.1 EXLAFAFE (RZERH) 6 LFML

EF@E (XEW) PRE—AOAAA (HIARE) > NEFIE
%h— % Pz BT AR 6 & OP (8 F4 7(0,P)) hodt—
E o ARRSORERI  BTE (RER) PHA LR ES
@ (XR=ZR) A ataE (TF-FHS) TR ARGREKRAZ
MAAH LR BRG— - —xtE s B P OP (B r(0,P)) o &4 —
s —at B R KA R A G IRA £ o A5l e

op
Pi::: WA OP =00 +O'P
O'P

BA LETFEEENTARAABANALARELGHE Or » Oy MAEZ
AP MTUARMA AL ELY OF, Oy 42 0% 4 e, o, 7 e, 25
R On, O) o O AR F BRI K EF > NA

ﬁg:x-eijy-ey, £d s =0P- e, y:mg-ey
(2R 6ﬁ:x-%+y-%+w-%
£ P x:mg-em, y:O—f’-ey, »=0P-e,)

T P AAFE (REH) PHEZELTARAHL R KA (z,y) (&
(z,y,2)) mAE—m e » #fRX A P aaF@Lirt {O;e,e,} (RZH
Lir & {O;er,eye,}) P AR oo [B 6-1] P15 0 x,y, 2 89 JUT & L
BRAEAEE OP (R AGBRE) £ o,y » L EERYGH S
¥ A o

EaJufT$dz =



6.1. EXEAzAFFE (RZH) gLz 113

[ B 6-1]
AFaE (RZRF) BBR—DMERRIFE > RMETUH 2 A A 5
A3 (z,y) (REEA (1,y,2)) kizieF@ L (KRR P ) LG E
MALTARTRAF &G (RZ2%A) RAEFBE (RZAF)
e 0 Bp
a < (az,ay): ay=a-€, ay=a-e,
(% a< (ag,ay0a,): ap=a-e,, a,=a-e, a,=a-e,)
a5 Bp a=a; e +a,- e,
(X a=a,-e,+a,-e,+a,-e,)
BEIR ay, a0, XA BEEE a & 2, y, 2 H @5 F (components) °
BE > MEaE {e,e,e,} OTHEARK A
€€ =€, =¢e,-¢e,=1
e,'e, —¢e, e, —e,-e; =0
FOE 2 AN THRIAASERRAEZGGEEZHEAKX » B
a < (az,ay,a;), b (by,0y,0,)

(i) a+ b (ag +byay+by,a, +0,)

(ii) k-a <+ (kay, kay, ka,)

KUz =
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(iii) a-b = azb; + ayb, + a,b,

(iv) & {e, e, e} T&FHMNA

a><b<—><a
a

)
4

HIEE (iv)-XAe T 0 H b = X9 RiE §4F A -
W AT R {e,, e e, WEERX WAL FH - IpA

e, Xe, =—e, Xe =e,
e, Xe, =—€e,xe, =e,
e, Xe, =—€e, Xe, =¢,

ARy BAA A

axb = (a,e, +a,e,+a.e,) x (e, +bye, +b.e,)

= (azby — ayby)e,y x e, + (ayb, — a,by)e, x e, + (aby, — azby)e, X e,

_lay by +a2 b, +ax by
"~ la, b, Ce ay by €y ay by | ”
F (i) XA= (iv)-XAa & & > 4T
Az Gy a
(axb)-c=|b, b, b,
Cx Cy €
w3k W0 #EGE X A AR ?Fﬁiﬁi%ﬁ%%@ﬁ*@%ﬁﬁ * ARG
PTEEOrEmMATE > MEIBEENXMTEI Ry RAENE

FHE® o

BEHEAX  BAARNKE

# o BT VA AR JUAT 89 3k 5

by xR & X 0 Bp
dP17P2 —W ﬁﬁ 5U2—$1) +(y2—y1)2+(z’2—z1)2
[% Pl,PQ ,\/(:T'-'T‘@ 220*7\_]'_’ 5"] 22—21:00]

RERGEHEHIUMTEZIFOR - AKX
ERANKXEERALETASE P, P, ZRAGESR

EaJufT$dz =
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kAAR &Py, P, P, RET =% W PP A= PP, Z A6k A 0 &
T AR B8 AR Xt 0 Bp

VPP, - PyPi\/ P,P; - By P,
(21 — 20) (22 — 20) + (1 — Yo) (Y2 — Yo) + (21 — 20) (22 — 20)

cosf =

Vi —x0)2+ (Y1 — 10)? + (21 — 20)2V/ (22 — 20)? + (Y2 — 10)? + (22 — 2)?

ZAMEARAX R P, P, PAFEAL (XRZRT) 952 =8 N
APPP, e @A (XA Ze@AR ) TAG A+ H 4T

1 1 1 1
APOPIPQ = 5 o X1 T9
Yo Y1 Y2
]_ \ \ \ \
|AP0P1P2|2: Z(POP{XPMD%) : (POP{XPOPE>

A~ =

11 1P J1 1 1) |11 1]
= To T1 To| + (Y Y1 Y2| + |2 21 2
Yo Y1 Y2 2o 1 R2 Ty T1 T2

wWE AR AKX & Py, P, Py, P, RE AP AT @A s W LT
@R T(Py, Py, Py, Py) 1 G RBRT AR TR AKX KRKZ » Bp

11 1 1
1370.7)1.7)2373

V(T(Po,PlaP2vP3)):6 Yo Y1 Y2 Y3

2p R1 <2 <3

KA V(T(Py, P, Py, Py)) = L(RP, x RoP;) - PPy B3 £ X o |
[ 7% ]

(1) KR APPP, #» ARPP, 2 e H & A HKREZER P # %4k
(i, yi,21), 0<i < 3, 8 &KX o

(2) KRKFBEEZE {Pir,y:),0 <i <2} &G EH4K o

(3) RR=Z R F @& {P(zi,yi,2),0<i<3} Hd@egF&HX -

KUz =
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(4) KRZRF =8 Pz, i, 2),0 <i <2} £EXGEHX -

(5) %o [B 62 Ffm &L RZRAFTAHAERARAE (THFE@H)
s PPy A= PPy 2% & 0, 0+ ¥4 kBB o RIE {d(P,P),P c
0P €+ g ME (ARZR 0 0 LA MIER ) £ T T @A

1 1 1 1

T Ty T] Ty PP x PPt
. * IP1 2XP1P2
Y Y2 Y1 Yo
z1 ze 2 %

b 4 2T A o

P,

(B 62]

6.2 HBFH > F@i

BAERAFEALRAKRAO - LT R A FOERNZZH TR
AMBEG TR o ARATIUATF CNHRTARN - LG5 2K E
7] %) 2 o

(£261] + AFOE (XFAA) —&EE (K- T8 ) & RE
BARRHRE =N {o,y) (R {z,y,2)}) B—KkFRX - LZ > 8 —4A=
O (REA) —RFRXGHTH TREIWRGFENR (2,y)-F &L
(R (z,9,2)ZHA) B—FHE (R—AF@) o

‘iJEB}EJ 'b’nC Pg(l‘g,yg) <§X(4 Po(l'g,yo,Zo)) %ﬁé’% E(ék'?‘@ H) éﬁﬂli
— & @ P(r,y) (R Plr,y,z) MAEL(KT) L&GEEL - BX > 4o

EaJufT$dz =
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(B 63| FT= 4 a=(a,b) (X a=(a,bc)) ZFELE (XZHA) Fo
((RTT) EAEGGF :
a=(a,b,c)
a = (a,b) T

Pl

Py(x0, Yo, 20)

[ B 6-3]
m A
0:a-%75:a(x—x0)+b(y—yo)
(& O:a-]?:a(x—x0)+b(y—yo)—|—c(z—zg))
WE Plr,y) €l (K Plr,y,2) €ell) BRLR=A (RZA) —KRFA
g IraFil o
RZ %S (KRS #HRATRERZA (RZAL) —RTEGHBRT
8
ar+by+c=0
(% ax+by+cz+d=0)

A Po(wo,y0) (3 Po(xo,y0,20)) & S (K §*) ¥RE— &M Pr,y) (&K
P(x7yaz)> BIIJTE'E S (éi S*> c"’ff’cfg;-‘,“}é\ ’ D'!l]i]-

ar+by+c=0 A arg+byo+c=0
(X ar+by+cz+d=0 # azxg+byg+cz+d=0)

P A AR R 0 BP AR
a(r —x9) +b(y —yo) =0 & (a,b)L]ﬁ"
(& alx—x0) +b(y—yo) +c(z—20) =0 & (a,b,c)J_P(TD)

MITRL S (K 5°) ARFEE (REMY) it P &A@ AiaE
a=(a,b) (Ka=(abc) EAGMELE (A FaE) Lo

KUz =
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(2] LR PR LOAAR (RF@) oA (R=T) —RF
RAXZAGARINE » LT HRAPEAGAKA (T (0,0) K
(a,b,c)) BHEEL (F@) 9—MNEGEGLTZT o —FEX (—4
F@) AFELE (RZRF) GHAFEREGEIRRAE AN bA4F -
MTR —5FE& (—NF@) It =n1 (R=LT) —R%
RAZIR» WA E - kAF o

(23 62] (A ~A&KREA~-@BOEFELAX) % Plr,y) (K
Pi(z1,y1,21)) #F@EE (RKZRA) ST —~& @ ((K 1) ME
VA

ar +by+c=0
(% ax+by+cz+d=0)

AEFTROGEL (XFd) » MATREBZAKX ¢

ary + by, + ¢
d(Py,0) = |— =22
S
ax1+by1+czl+d‘
d(P,TI) =
et Ve P+
WY 4o (A 6-4] AT
t I (b)) (F t— (b))
Va2 + b2 ) Va2 2 +¢2 7
AL (RI) AN ELKRZEGEnf o @ B MAL EMER—X
n
Py(x1,91)

{’o(xoa Y0, 20)

Py(x1, 91, 21)
[ B 64 ]

EaJufT$dz =
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A
AP % d(PLT) =0 BPL % o BF, -

[ 577 )

i‘o

(2) RETRZR T (FRER) =& Pi(x1,y1,21), Po(x2, Yo, 22), Ps(3, Y3, 23)
&g F @ a9 7 A2 KX, o

(3) RETRFdEL— & Pylzo,yo) #EATFEAE n=(ab) 8HEN
FRR o

(4) RETHEZR ¥ — & Py(zo,v0,2) FEAETEE n=(a,bc) t9-F
6y 7 A2 K o

5) RKETAAALANAERAFIZY TR -
6) RETAATFEGANRD A For@OFTRK -
(7) MAFOERE (REAFAHE) FIT6 &4 2
(%2 63)] : F@E (KEAF) & Pylao,y0) (R Polwo,yo.%0)) A B
o (RS ) A RAFZGE (RHK) GFZEKX T > Bp
(& = w0)* + (y — y0)* = R?

(& (=2 + (y—w) + (2 — 2)>=R*)

GEY  RIE BN KA W G R R L H AR 0
(] : FEE (RZTAF) A0 (RK) HRAEHFTRZIET
5 R T &M X > Bp

klz* +y* + 2Dz + 2By + F] =0
(& k[ +y*+22+ 2D +2Ey+2F2+G]=0)

KUz =
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Eb D24 E2—F (R D2+ E?+F?2—-QG) H2EFHRZFF > FFkad
MR « R P ELHRE D*+E>—F>0( D*?+E*>+F>-G>0)
ER =T (R=0) —RFRXGEETFESNZ—NR (RHK) -

iJEB}:] : é\ (UUanO) = (_Da_E) (EXZA (UUO,?JO,ZO) = (_Da_Ea _F)> ’ ﬁ!l]
HGRER=—T (R=ZA) —RFRXTAKE K :

E[(x — 20)” + (y —90)* — (D*+ E* — F)] =0
(& k[((z—2)’+(y—w)’+(z—2)—(D*+E*+ F’-G)]|=0)

]

(318 ]) &2 +9y2+2Dx + 2B+ F;=0,i=1,2° M ', Ty &
MERGARZEHRZELAZBRATI &4 -

2(D1D2 + ElEQ) - (Fl + Fg) - 0

JER o E@ RS L, i =12 9E O; & ARA (=D, —E)
s mEFZFFTMA 2 =D+ E}—F; o

(B 65

A @ A6 TTLANERY AL ARRKE 0,0, =r2+12
’ EP

(Dy — Dy)? + (B, — E1)* — (D} + E} — F\) — (D3 + E5 — F,) =0

7 B
—2(D1D2 —|— ElEQ) + (Fl —|— Fg) - 0 D

(22 64] : ZT AR

Ti: 2’ +y’ +2Dw + 2By + F; =0, i=1,2

EaJufT$dz =
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AEZAER > WD Ad Ty, Ty TERGEZ > B

k(2 +y* + 2Dz + 2By + Fy) + ko(2? + y* +2Dyx + 2F,y + Fy) =0
EvHE—-NRAZERE o

B R T M HAERA

I': 2244y’ +2Dx+2Dy+ F =0

W) é BT 1% 69 O XM BP A
2(DD1 + EEl) - (F + Fl) - 0 ............. (].)
2(DD2 + EEQ) - (F + Fg) - 0 ............. (2)

A d D, Ty TERE AP EL—RGFRXTARE Riz ik
k1D1+I€2D2

klEl + szQ k‘lFl + kQFQ

2 2

+yt 42 +2 + =0

v Y ( ki + ko )z ( kv + ko Jy+ 1 ky + ko )
w (1), (2) 24
ki1Dy + kDo kiE; + koEs kiFi + ko Fy
20—+ ————— %) (P +—— ) =0

( ki + ko ki + ko )= ( ki + ko

FTVA g & Fn [ JE 8 o ]
[ 4 ]

(].) iikg'Fii—?‘@-—t <X2%é§4> ’:"“5‘ Pl(xlayl)a PQ(‘I.QayQ)a P3(x37y3) éﬁ
R &9 7 2 &, o

(2) RETRZRAF (R&@) @& Pi(21,1,21), Pal22, Y2, 22), P3(23, Y3, 23),
P4("L.47y4az4) éﬁ}’jié@ jyﬁii& °
3) ALPHNTRARXARGEZ LML T A AL > 480 f 74

(: ar+by+c=0
I': 22+ +2Dx+2FEy+ F =0, (D*>4+E?>—-F>0)

KUz =
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(1) REPHATRARARENFBEHMET —0 > ahy T — &
fo AN 6 R H A

II: avr+by+cz=0=0
S: a4y + 22 +2Dr + 2By +2F2 +G =0, (D*+E*+F*—-G>0)

(5) % Py(a,y) RIZTFTRA T Sheg— 5 > m D 5L
D: 22+ y*+2Dx+2Ey+F =0

KR4 [B 66| il PLE T &k FranX (LMEH%
P AT TL@HRER) -

Pl(l"la%)

(B 66]

6) F &% : X, T, #AFAR L7254
L. 2?2+ +2Dx+2Ey+F; =0, i=1,2

Ao T, Dy 9 A KM FHAENBENOFFM > KRKELFTAKX

o]

(7) 4o [ 6-7T) FiF D22 +y?—y=0 72 —AU OC AALZYR o
4 A(Ol,O), B(ﬁ,O) AN x-th M E s Y t, = AC #= ly, = BC
BEREA>IARIT T Q,Q, A A o

EaJufT$dz =
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62 él g
C(0,1) ~Py(cy,1)

() BF b, lbWFR 4 g ATRESHHH R &4
-0y — AT
EEC,Q, Qu M E gy X E o RR—AEHEE N =\ %45
o T VA (y—1) PTER o
(i) ER MR N 4 gy, 2 BARAADA—RF AR XK RR > Bp

Do =(y—1)-4

Eb (=P Po R PP %A (B ¢, e 8940) ©
(iii) XA L@ HFRBR-AMNUTEB T R RB Kk F A
a? —pr+q=0-c

6.3 ReRHFxHF: XA AFPEERFHE A

FABRKTFERORKTHRIABLRAKRAY » Z-HRT €190
AEEATHRKOREAFRALTHRRER? AL ERKFEGRKETHRI
FoT KL T AAOREAHRMNELFOERERE : AL
REZHRATAGECNAEAG > ERAFKRAZTHROGESH P RSELA
FIFaEAFNR? EANTAAOREAIARERARA THROG LS

KUz =



124 % o5 E. AR B AT UAT | A

FTRETAE GWIBET AT —AEG R4 ARR 2 Ak &R A
R LRI KARBSANALABRARIN—THT— %
ARG ARG IATHE - BH > AAKGTRT » KIMNKFRRELAK
AMARGFEY » FRFEZRZELT KRG E o ZHMT MEAFIER 6T
WARELTFEEFR— > LELLE M fleRAEN T IRAER =R
—H ] AHARITHER—BEY =, -0 -

[ 547 ]

(i) %= [H 68 AT= » P, P' 23 T H& ( MR 4 R e91E 2% — 3 &
& TR LRBRE PP H9EEF 5 %o b TR s (24T P, P &8
v 4o (A 68| T8 Ty, 0y F > AR SERMZT (I L Bk A
(EAERE o RZ » ZXMAREER P, P GEM—AREREF ( EX
» W] P, P b @A 0 R G AT AR o

I' T,
P

¢ O O,

P
(A 6-8]

MTE : HFT—AZATFAFREA LG -2 PRESGLE DA
P &MY PP R EEZFE T Z48E %R ?

(i) BERAEFEABZFG AR P> WAL PP 52 P, P ¥ A
B — A FTAR GAE T ZMAEL » B AMEE T O P %
£ O,PEXIE (KMNEkie P AT HRAC O M EGHEHRI)
cBHF R ABRRPP YT E T BAPP ABEZLGE » FEA A
RAB S LPP| AF¥EEdL e T REF T EXTAR Q, Q (o
(B 69 AT ) o dbTR > AQ, RA T 9%k » M OQ; ME T, ¥
%o AUl FTERH

OP-OP =12

EaJufT$dz =
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[E 6-9]

LR HAT R PLOMERAEARNTD XL BEALEHATH
[stfp & ) P MELRAKARA LIRS OP XL LR A OP-0P = r?
B & o TR EMERARZIHEY P &> GHAZLAITERGER F o
(3122 ] : %R T AR O AARSr HAFHGE O, P, P = A
ABTEA OP-OP =2 WEATR P, P 8 MAAF T ZAEXH o

JEB R D RES—AR P, PR RT T Qi i=1,2° kA%
) B .

OP-OF =12 =00;

‘ﬁ‘;ié'" @%ifﬂ’

0Q; =0P 0P = 0 51 I' Bk F 7
W OQ AT K > FIA QR RLA OQ A TV 69°E— T - 2
OQ AF#hRE—Kkb OB 9% FAT AT EXT Qo [

(2] : #HFBEA L =00,r) FEEL P £0 > BAEKE OP
ZLr@MAHR OP-OP =2 49" —t) P 5ol P 5 F T 8 K41
A o

KUz =
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(E]: () ¥ P AGTE D X bt A ARRLAY > 7l P=P'
P RXAWHKR B P=P oPcl-

(i) £F@® I L He 0 &xF T éhaith s 7L 2 &INfT
@I Fm—AEFEA 0o MEALER L AR ECEHRLE
—FHEBTASARY co RYM o £AEXMAKXLT » KAITTAIEA E
AT T 6 R AR A e & F @ bR BRI SR 6 o

(# 1] - x4k 2694 A %

# PP R TFTT RRARZE M PP Al XA A4
(B 6-11] FT =89 JUIT4EHM » Br R Q, €T, 0Q, L PQ,, QP L OP - w13k
TR R T RAFR KL

i) % P AER : 2L OP» AOP AEZHERATLD, > T T Q1, Qe
BB QQ, X OP F P &P EBAPTRMES P AxTT
6 2 R & o

[ A 6-11]

(i) % P RABRMA : &% OP & P A4 OP 4 (> R T F Q,
Q, A0 it Q) AMFOQ, ¥ E%& > X OP F P & » BB AT RAIF
89 2t & o

(# 2] : %D, Ty RAANSENE » P¢gT Ul RE—A T €F P
,‘il‘ﬁ’]ﬂ.%ﬂ Fl; FQ %I'Sﬂ:‘i °

EaJufT$dz =
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Iy

[ A 6-12]

A Pl AP as &P AT T, T, R4 H A Md P, P,
PyiR B T BP AP RAE o [RELRT L P AHEAF I, Ty EXH
E— g o]

(#13) : &I, T, RAANMERMMAGE > T T NT,=¢> RFEA
FiA A T, T, MEXRMRA AT ZEA —ANE—RIH > FTHREFAE
ARANFE2ER > MR T IR -

2 kA BaEL

(B 613 ]

4o [B 6-13] AT &> ®H [ REL—AEXT I, [, 80 %4 0,0, €
fo I AB X T P, P B0 M P, P FF I Fa [’y fﬁ%ﬁ*ﬂﬂfﬁﬂiéﬁ ° EI”E

KUz =
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128 %o . A AR AT LT I A

AR R A &K > R Bp

2

_ 2 Ty =717
rY =17 2 2 .2
{@_x(ﬁ_w:r; < x+y:£ji%_ﬁ

T ERX AP, P, #FE—MEe (D89 ELX) MmAT
ARMREBRGEE - B D, 1, EXYAZ 2T P, P, &
GRA > AP F2EPELRFZARANAUL PP, AELBEE o
MAEFHEAR L LR B FERAE0 TR E AR P, P, #
O, Oy Z A 094842 B 2 A (A 6-14) AT = 69 R » Lt n G454

[e]

[E 6-14 ]

£HE A
%, Ty R TmAMEFGER» EFZRX 254

Ty 2 +y* +2Dix + 2By + F; =0, i=1,2
] A
k(2 +y* + 2Dz + 2By + Fy) + ko(2? + y* +2Dyx + 2Foy + Fy) = 0

ARTRXIA TG ZMEWAL ky i by LAF MmARF o BATAR—NE A
(family of circles) » #RZ A &1 Ty, [y AT~ £ 89 E 5T & (co-axial family of
circles) > Z LB EE—KE%K > TR ki hy=-1% > EFARX% T

2(D1 — DQ)JI + 2(E1 — Eg)y + (F1 - FQ) =0

EaJufT$dz =
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[ 574 ]
(1) KBIE LR &M E R P AEFT4F 6 @A H 65 F Rk 2 L&
2(Dy — Do)z + 2(Ey — Ey)y + (Fy — Fy) =0
(R ALk A T IALHREG Kb - |

2) T, Ty T P,QAmA - RiELXR LA R Lk ZPTA I
P,Q 2R amt (AL PQ ELAERARZECNATEA
ZFE R o

3) JZ T, AT, F AL RELBARBALKIRED T A &
BRPTARE > mENG A ALK TEITEAIF TG -

WTR s 2BHAARTUASREZLY - F—RRZEXT AR S
2, AP R A AR B ok Aty TF A2 AP RAA—AAR
s PR EYZ E D MBEZRARE TR E AP LSARANALER o L —
VR CAERATHE T AAME AT AMTERL » M T A EA15
I 4 T o

(22 65] : A AANZE T, Dy AAER G EMBR—ABEZ -

R R P ¢l Uly s A PP 2528 T Iy, [y 89 R4k &
UESS P, P, P &) [7 3L 2 Fo Iy, I's ARAERE o @b T W o Ao Iy, Iy
MEZYRAILAAELT A XTI,V ZETAMIFGRRA » d[TH
64/ % » &1 T, TV PTAERG LA A P OF—m RAFZH [, Ty EX
6 0 &g RNZZ WAL TRALAXEHERAIINGEF Iy, Ty 4
ER o BETR » RT Z—MNASE > NAAELTRBERT EH X
HALARAFe T, Ty EX 2 BP

C+ A+ pul”, MpeR

~

R = L— RIS F A2 X

{ﬂD&+Eﬂy4F+ﬂ)
2(DDy + EE,) — (F + F)

I

=0
=0

KUz =
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v (D,E,F) PRAEA—NMEEARATE - TR st F—4
EREAA  E—BAS - NEBHBALR HE-MWHORAFE IR
FORRARZLANE RS o BHF - ZAAERGEE RARAZ LA
#4689 (conjugate) ° ]

ZIRE 654 (4) R FEEGGEEE T » KRATTIZIEA T PQ,-PQ,y =
OP" - R? = & k8 F % » MALENTHA (PP;QiQ) AV
B8 PPREAZT OP Y —4%E4I L eFE O AOEHFT
R?/OP ° MALEMNEZA LARATHAE > G AT 9 FR2XF P 26
A7 (z0,90) FRBEREL (RIARA T T P AORE) 574
& o

(£ 66) : ®E D HFEXY
2> +y’+2Dx+2Ey+F =0
TP A AEREA (zoy) WEAT AF P & HEFEX D
o + Yoy + D(xg +2) + E(yo+y) + F =0

Otk X(n,y) A L# S EHES— K M E S O(-D,—E)
5| X 9% OXN = (v +D,y+E)> @ OP = (1o +D,yo+ E) > B + (
Fo O, P YIAT R ATIAR OP-OX = R? Ak X » B EREAHX

OP.OX = (wo+D)(x+ D)+ (yo+ E)(y+ E) = D>+ E>— F

7r Bp
zor +yoy + D(xg+ )+ E(yo+y) + F =0

FIEFARFEEARSET P 2GR E LA XG T LM EMHEITA -

EaJufT$dz =



5t %
R JUfTAe k@ = 4 F

ROGARZHATREEIHRGE@E - ANFLARFORETAA —
B ENEsRR AANFETMFOREDAAME AL THAK
UG I AP ARL T A oy BT JL AR PE 69 3R JUAT VT 2A v 4R B AL
BEGKROEHT o B AT BRRLFOH T AREZEZG TG T
AR A2 d L — DR kAR 2B mANT IR G AL (RS
wE) MAnE TR @ERKIFGHKEIEH (spherical distance) °
RERAAMT B E AR FRIUAEFERZEGA —KEG > M L& H B
89 JLAT % Ko T 3R @ = A % (spherical trigonometry) 8% N42 8 £ 1T &
AWM TFaMNETFGXE BA T ERGFFE ] T AT
NEERE CORILLELHR ST EMZFEIANMN 2R ?

MR I & KA > R LA 75 & Z 7 JUATF 48 & E X TA S
s W EILTREZR LT A S A TS THGIEY » MEARE LKW
A8 K~ ARFAR R > Bl @ F & F AR E X T H (orthogonal covariant)
s BT oA R A RE LT FAAR 7 eGH & o

7.1 ALK @G EARAER

% O AR@EG > mEALRE S2(1) MAZR U FPHAR O &8
SERA 1 BT AR EE B
S?(1)={Aec U, OA=1}
CARK O HELZ RGIELFHG—ANPAE (orbit) o

131
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%k F. R RD A F

(1)

BAT*#RbE + &R I A —ARHRS O Ke9F@ - NEAR Ry &

FOARFF & Ry WRKETRLERA O KAMEH 1698 TH
BAn O AARIEA 1 & 0 BTk Ry (S%(1) = S%(1) ° B4 » Ry &
S%(1) ey A F&kAZ S2(1)NI X —AKE (great circle) » &A1
¥de Ry Ral A S2(1) B BHRAHMARE SP)NIIAZ R TR
K d R4 2 AR e

B A AR R (A —AREKC O ANEL EAKE S2(1) 8

REZKROEGANLZAGTREG 8 A A (—tedm -~ bFAKR)
T k@ bmi A A AW (antipodal) 89 & # & AA VAR
SHEP R AT AMGREIT KO Ocl ZBRZT
#Heg s BT S2(1) W2 EH—ATETE mERHMAERSD
LR ER A AU TR A {4, A AR R AT %R G54 AR
(e BFRFEERE— P A AL T B FEGRE) o

A% & AE

%N, S} RELRELLROAALAMATRZ & > £ {N,S} 4
RAFRGRGABLIT » A0 THE | RELT > AL [2E |
WG E 4 M Am s do [B 7T-1) Fia o4& P AR @E LA fT A AR &
#A NP) &R P &A% %% (longitude arc) » \g TR TG AXEZ
Bookr A NB POR@ER » B NP X—F T2 KL 0
RN EHEBRNP) Y (A&) %A MR (r,0) 4 P EFTANAEE
69 3K & #% 4 4% (spherical polar coordinates) °

N

P RZE )

S E—

(B 71]

EaJufT$dz =
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EETARRER L4 A » ARCHRE > A ON 4 2 Ft) 7 6 »
A OE A o it 20 B AR RRBBE N\ QP & MA

x =sinrcosf, y =sinrsinf, z = cosr
2] : b EEG B> T HTHR

ds* = da? + dy? + dz* = dr? + sin® rdb?
M LR B X o THIEP IR NP B REE LES N, P A&
RAE WA (TFARM R (geodesics) ) ©
[Frkkfge®] : F2A4 ROGRDORFT

47 R?

[iZ] ¢ FTA& K4& (Archimedes, 287-212 B.C.) & 2>k 89 & 47 B B X Ad K 89
E R LT ER > th— iﬁ&yiﬁﬁﬁﬁ:ﬁ%ﬁﬂﬂéiﬁ’
B LR R LM F RN o Kk L T B AR A% %] A
£ N

] R R RAETRIE—ANFLEA RYRBDEORF—A5A
2R> ¥2A RYGEAA B @R F o MAMGER L2 R > HEde
(B 72 Fimde AR MW H691L 8 -
Ah

sin

~—Ah

[ B 7-2]
HER—Z7 i@ ERYFITFE o dod A d A e AR FRFE
—HEE o XAAAAARMNTFATEIRGERZE Ah MAED LG F X (X
B) 9@RFT 2rRAL mAKXG LM FE » RALTAERKAE

B LT3z =



134 FE F KO RE =R F

SME O mAT o 2hE AL FEFE - FFDOREK > CTAE A A
T3 e E e XA d

e

(B 73]

A b arkEE 2rRsing > TRBPH IR K FHMEZ 27rRsind > @M @49 T
BM A Shos Bl L @AR 69 & R A AME A& 2rRAR (78 BP T AR 69 3% £
HEAE AR XA F% ) o b3t Eudoxus AT @] 6938 7 B 32 T
AR LAMEF > MAEFOARIARFTIHN 2R ¥4 2rR ¥ %
Z R @AR > B AnR? © ]

K= AaWdanX

% A B, C ZREELER=Z GRS E » & AB, BC,CA A&

BT AL EZAQMNLE R AKEZAY AABC 8 =i o £4]
BERAATOZASPAMRAGHEEREA LA B, C &% ABC £ =
ATRAEGH A B a b, c hF AABC 85 fxtihih % o &£ F @ LT

P —NMNZAMGZARAFRPESFTATFA  BREFHBEFN T T
NEGEARFE LEFEOFARY—FEARERX  ARD=ZAF
MHEH T » ZAAZRNERTF—AFA > @ TR[ZE 7.1EW &%
L@ LR =AY ARNAFRS 2R (RN TAHR) ) XL
ZFFETHER -

(£ 71) : A% LE > —AREBZAH AABC @A % &
ANABC =A+B+C—r

GERA i e (B T BT AR AN 0 092 R PT B R K@
s LA B KA 0 B (XRZKBA AN, S AL 5654t R
B#Efw) c AL Fo=2r0 > Z@ORFT 4nr (MEARXfEEE)
DATVA Eir vk 0 4 % A& (#R X spherical lune ) & @A 5 F 20 o

EaJufT$dz =
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B’ A

[ E 74 ]
o (B T4 Bix> 4 A B, C'" o5& A B C#xtTA - AL
spherical lune & @& £2 2 X, Bp /5 :

AABC + AA'BC = 24,
AABC + AAB'C = 2B,
AABC + AABC' = 2C,
AABC' = ANA'B'C, (ZAxThE» SRF@M)
AABC + AA'BC + AAB'C + ANA'B'C =2x, (¥ k@R )

W b T 43
2AABC + 21 = 2A + 2B + 2C
7 Bp

NABC =A+B+C—m ]
(2] LR BEAEXARAERHGREO AL @RLSX L LR AMERER
& @& AR N K 8 By 2R AL Ao AL o
HO=ZABYEEFHARAFR=AY CHE :

% A BRREOELELAE  cAZR TR A BFEGLAERLAR
AB&EHEFo @I, > €SREEHS O Frdde A, B FEHHE L
Z AR5 I NS%(1) BAAKE » MR d T &AKE G R4 HRE A,
BEZ¥o bR LRI THRETHSE -

(i) SAS. 2K\ =AM & & K4+

(i) ROFRZ AL O ARAMRFT : R > ARAMFOREOZ AN
a5l A R o

KUz =



136 % b F R@IUMAREZA P

BE o mEEREZTUARARESFEROD =AM LEA L4 SS.S.
Fo ASA. FE5465MF AEF—ROZ AAA WERE=Z A —
NESEWH RNTUAARD =AM THFAGHBXL RESTEL
AN ELSEH XA AZHTH WA A A FEGKRE LG &
A A A HEFE /2B AKE » HA Ty 22 o & AABC
E—MNMELRBZAL > A TEZ A (B TNl TNy,
T,Nlp) 2% » 3B EEH A B, C# > vh A% B*, C* 12X » MAk
AA*B*C* A ANABC 8933 @ =AM ( AABC & AA*B*C* 45 3¢
BR@m=AH) o

(913 71) 4 a, b cH a*, b, ¢ 2% & ANABC #= NA*B*C* & #
BBk MA

e

j2 0B
[ B 7-5]
W RN REFE2EREL P — AR EXETRELIE - &

/N
*

(B 75 Fia e EXR T, £ BP=CQ=n/2 PO=A» A4
@ =BP4+CQ-PQ=n—A m

(6] « AAA CR—FREOZAH G &S K4 -

WEB 2 % AABCy e AABCy 89 = W fa st e 4a 5 0 s [5] 32 7.1)4F
e B @ = AW AAIBIC F# NA3B3Cy 89 =AM k3t % &k
s AR AEFY s RS RXAAMNE A AME - HBR[3]E 7.1 B
% AAB,Cy = ANAB,C, i & S.S.S. &% 44 o ]

EaJufT$dz =
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(512 72) % AABC #» NA'BC TR A £ R M E A, A Fl& BC &
—A s ]

/ABC + /ACB — /A= /A'BC + /A'CB — /A’

AAE o ERIE g BAaR L e

(B 76]

FEF 40 [B 7-6(1)] AT R 0 AOAB, AOBC, AOCA %3 %12 » Fi 1
HERmaAasE » AR E 0,0, 05 MA

LABC + LZACB — LA = 26,

Fl 32 98 &
LA'BC + /A'CB — £A" = 20,
(B 7-6(i1)] 89 M SAe i 4 RE 69 T A G A4 5] AR o ]

(€32 7.2] (Lexell) : &3 @ = AW AABC 4= AABC EAAFHE
maR o B, C 2R E B CHTRE N B C, A, A @ EERH

o]

KUz =
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WA e (B 7T BT R
l=rm—B, L2=1m—-C, /3=A

BT VA
A1+ /2—-/3=m—ANABC

FHI A=A Ao Ay B AABC Ao AA,B'C' & [3] 2 7.2]64 3% 4r

W BAF B, O, A, Ay £ o []
[ 574 )

(1) & Py, P, 8 5R @ 4R 245 2 51 & (10, 0) A (r2,0) @ (1) = (£ (), 9(¢))
B— & —BTHEE > a<t<b(a) = (r1,0), 7(b) = (r,0) ° Ki
'}];'K}?Qéﬁ\gf% |T1—7"2| °

(2) & AABC #—N¥#H#A RYKRE=ZAR » K] A+ B+C—1 4=
E BRI XA A 2 HFRERSG E 5% o

(3) % AABIC, Ao AAByCy R # R SAS. 2B mAREZ A -
@’J'ﬁa Al = AQ, b1 = bg, Cl =Cy ° ‘fo#@%—"?x 5']5*@.]166)5’(%1‘5&%: ’
AT WA AT e AA B Cy Z# 3] NAB,C,

(4) KA B RS AR ERAFR ALY RAMRF > ATRAF
BEALFIRY -

EaJufT$dz =
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(5) KA Lk (3), (4) FIiE/F4 » iE9 S.S.S. wAKE =AM o) — b4
%54

(6) % O A—ANH@EGL > A AR EEL—E I AT A ARAF
OA & B F@ o Kk [[ R @RAALT {A} & o

(7) HT AMEAET Mr=%%) TAROGEE - XKT EE—5 P
G F@fe E& ON XAV (FHHE OV GKE) o

7.2 KB4 F

HKOZAFARRD ARG ERERNLTELL K~ AL~ B
BN BRAFAADRAGFRFFORMLXE - AT HABNENK KB
Z A ZPP AR E A o Menelous AT % 49 “Sphaerica” #= Ptolemy AT % 89
“Almagest” £ 2 T S HFARBDZAF LG FRAR R CINERLEL
EA o RAERLE B2 A>ERT EARBZABYGEF LM E
R ELXE s RE—HAEB T AL RO A FOF AL L[ U
EI R o

AARFEHT ¥ habcEFFrrbaRk@Es s A B, C
EEWNEEE S N a=0A, b=0B, c=0C %% » B % K42
BAE G EE o T MBI EILTHEAERE » @ ILATL S &
WL AT K B B LT o

wmeEELGLMAS A (LA (B 78 ) :
(i) b-c=cosa, c-a=cosbh,a-b=cosc ;

(i) //(b,c), //(c.a), //(a,b) ®BH » AE [bxcl, |cxal, [axb|> &
% % F sina, sinb, sinc :

(i) k@ =AM AABC 9 =4~A A A B,C FT //(a,b) # //(a,c) >
//(b,a) A= [/(b,c) » [/(c,a) F= //(c,b) L& M@ A

(iv) % V(a,b,c)=(axb)-c>0° ABK A D ZF o w477 X 8§ Rk

KUz =
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EAXBA
a-a b-a c-a 1 cosc cosb
D?=|a-b b:-b c-b|=|cosc 1 cosa
a-¢c b-c c-c cosb cosa 1
[ H 7-8]
(£ 73) (RK@=ALZRTE)
sinA_sinB_sinC_ D
sina  sinb  sinc  sinasinbsinc

EH AT, ARES O Afd OA A4 F@ b 4 ¢ £ b, c
AT, Loy EHEY > B

b:bl—|—b”, c=c +¢"

A
a
C
7 B
ic// bi
DR
(1) e
(B 79]

K Uiz =
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&

T b, FfradhAmb Fc MA abgER FTld ARFe x4
G AE > 4% ¢

D=a-(bxc)=a-(b'xc)+# 0=
=|b' xc'|=b|-|c|-sin A
= sincsinbsin A
TR EER Y EEZRG a, b, c TR FIATNERT atd 7|
W ZEAEE a b, Tk kTR W TFTEATF

’
’

\
SeSetenenese.
~
~

S

[ B 7-10(1)] [ B 7-10(ii)]
B AR ZAG R L > & i 7T A B
D=a-(bxc)=a-(b' xc')=sincsinbsin A
Wk g L

sinAd sinB sinC D
sin a sin b sin ¢ sinasin bsin ¢

(22 74) (RKB=AKRZITE)

sinbsinccos A = cosa — cosbcosc
sincsinacos B = cosb — cosccosa

sinasinbcosC = cosc — cosacosb

KUz =
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W ARG GREE > A

c-b a-b

c-a a-a

cosa Cosc
cosb 1

(cxa)-(bxa)=

= cosa — cosbcosc

BE o MARAR xROIUTESL > AR A ¥ T //(c,a) # //(b,a) X 1 &
R BA

(cxa)-(bxa)=|cxal-|bxalcosA

= sinbsinccos A ]

KO =ZAREITAEG A — Ik

sincsinbcos A =b' - ¢’
= (b—(b-a)a)- (c—(c-a)a)
=b-c—(b-a)(c-a)—(c-a)(b-a)+ (b-a)(c-a)-1

= cosa — cosbcosc []
(i 1] £ C=3 (FWEARBZAY) ot WA :
) b
(i) cosc =cosacosh, sin A= s%na, sin :S%L;
sin ¢ sin ¢
tan b t t tan b
(ii) cos A = an , cos B = ana) tan A = :f:ma’ tan B = 27
tanc tanc sin b sin a
A
c
b
B a C
[ H 7-11 |

EaJufT$dz =
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B {iJF)T‘is’EC’:g PPA cosC =0,sinC =1° FTrA (i)-X77 & 1E ~

RERERGEEE L - B

sinbsinccos A = cosa — cosbcosc

— cosa — cos’beosa = sinbceosa

BT VA

sinbcosa tanbcosbcosa tanbcosc tanb

cos A = - = - - =
sin ¢ sin ¢ sin ¢ tanc

EXEETEL LR

EANK
EFEZAET AMATRHFBAGEARNR > B4 5 =

%m+b+@’wﬁw

s(s —a)
cos —
2
A

sin — (S b)(s

2 be

A s—b)(s—c
an - = [—————~—
2 (s —a)

£
@R A = \/Ss—a s—"0b)(s—rc)
WWE%&r:§:¢@_@@;W&%)

EHRODEZAFT LA R F AKX B

KUz =
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A \/sinssin(s —a)
COSE = , etc.

sinbsinc
A in(s — b) sin(s —
sin — = \/sm(s - )STH(S C), etc.
2 sin bsin ¢
tam A _ sin(-s - b) sin(s — c), ote.
2 sin ssin(s — a)

tanr = \/ sin(s — a) sin(s — b) sin(s — o)

sin s

. A . A . .
TE B ¢ ML cosA:200525—1 (3K 1—2sin25 ) RXNthiz €42 » Bp

#
QSianinCCOSQ§ = cosa — cosbcosc+sinbsinc
= cosa — cos(b+ c)
= QSin%(a—l—b—l—c)sin%(—a—l—b—l—c)
K,

2sinbsincsin2§ = —cosa + cosbcosc+sinbsinc
= cos(b—¢) — cosa
1 .1
:2sm§(a+b—c)sm§(a—b+c)
RAFREAT (1) A (i1) > @ (i) M A& (Q), (ii) 89 BB o RIE (iv)- K
4o |

to [B 7-12] & 0 AADO REAKEBZAK » AD =5 —a, LOAD = 4
s BT VA

tanr ton A _ \/sin(s — b)sin(s — ¢) (i) 2

sin(s — a) 2 sin ssin(s — 1)

EaJufT$dz =
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%

[ A 7-12]
MAREEEAR Y HHFAL—KE=ZABERLX :

N=A+B+C -7

RARBIUMTEXERZOEATHE - NALMGR L - LR &R
NRLZRETHSRBEZENT 1'E'E}kr‘7§:4’tiiﬁ'37fixzﬁ¢éﬂi
BNz FEe=—AaMaRf {abc} WEAREXLTTE » I
{a-b,b-c,c-a} = {cosc, cosa, cosb} X IA] F I —/FF ~ FEREg X
AX e B3R RANTARRE = ABmEEHE B

sinasinbcosC = cosc — cosacosb FF

SN
Uy
e

- b rE K
C:COS_I{COSC COS @ COS } ey

sin a sin b

BroAZAREaEARARGERLSX S RKET AT R :

_1 [cosa —cosbceosc _y [cosb —cosccosa
A = cos + cos

sinbsin ¢ sin ¢sin a

_4 [cose —cosacosb
+ cos -7

sin a sin b

EEIHE—ANEREHNEXNLATITA » ..\ttjﬁ]“)ﬁ—g‘%jﬂ‘\ﬁ',]: K d =
ABERGAREREXNFTRZOFERHB X o IFFHERBOMERE -

. AN D
(22 75] : tan; =—,D=a-(bxc)>0,u=1+a-b+b-c+c-a.
u

KUz =
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Y BB AER SRR (TFE[TE T3] [EE T74]) B
]

cosa — cosbceosc

sinA=———— cosA= - -
sinbsin ¢ sin bsin ¢

FFEENRBRAREIOTHE TR

sinA =sin(A+B+C —m)=—sin(A+ B+ C)

D
Hsm a{D2+Zcosa0052b— S cosacosh— (u—1)-[Jcosa}

EXZHA
[T1(1 —cos?a) = [](1 + cosa) [[(1 — cosa)

=AML AREGFLZERETA (D> +... ) 69K E &R X T 2L f{ AL &R
u-[[(1 —cosa) o BT VAR 4%

Du 2Du

ST +cosa) D2+ a2

R 80 R S0 T 1%

BT VA
tauné—isinA _D ]
2  14cosA u

™

2] £ELARGZAT B C = 0o HATREHRNK B

cos A = cos (A—l—B—g) = sin(A + B)

1
= %{sinatanaﬂLsinbtanb} =
sinctanc

cosa + cosb
1+ cosc

(6 1) : F% AABC 9A o, bBIE MLk H =0 ¢ T3 » 4

¢y =cosa, ¢ca =cosb, xt =1+ cosec, p = ZLC

EaJufT$dz =
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A
%_014—02—3)
de xzD
%_x—cl—cg
do x

WA od EATR

U=~¢C +c+x

D* = —(c1 4+ &2)* + 2(c109 + 1) — 2
¥ tan% =D st F ¢ Ky B

de  dz t U

uD' — D uDD' — D?

Lw2+ D2  (14c)(1+c)zD

XL AEOESTEEH (1+a)l+c) BX - A& HF

dA_cl+02—a:
dr xzD

BH B TRERRTE
sinasinbcosp =x —1 — cicy

s oty B
dp _ _pdv _

e s hsin o — 1
sin a sin bsin ¢ - .
BT VA
Ao _dhde _r—a - N
deo  drdp x

VE]: % o N0 EE 70 A=Ap) O TAA TE=AEH > B -

KUz =
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i) Zat+tb<ms Me+e>0 mEFL c MK ja—b T2 a+b>
AL N(p) B 03 w3 EAE v =c +0c HEGFE—H KA > K&
i EE O

[iZ] t x =c¢14c * BP 14cosc = cosa+cosb 8 JUIT & L5 & AABC
QR RSz T AB X Lo e [B 7-13) ATw o LA A H R
&R S m il o

(B 713 ]

i) Fa+b>m M e+e<0: BF =2 c(p) M |a—b| 3§ Ao B
IYAN 5 e .
2r — (a+b) > B A T —HEZEWN 2 A(p) @ 0 #3E 5 270 7R BP
ANABC A¥Askd A& EIR -

(iil) F a+b=7"Mer+e=03 EF =2 c(p) Mb |a—b| EmE 7
sf Ap) Me 0% %3] 70 FE AABC @ —3k@AHE
R o

(6 2] : RKBZAH AABC =222 kF cH a+b RZELRT
s M AABC 89 @R % |a — b| 89 3 & % % o

TE AR /’;»\A:COSQT%,KZI—FCOSC,t:COSaT_b » WA

u =cosa+cosb+cosc+1=2At+ K
D? +u? = 2(1 4 cosa)(l +cosb)(1+cosc) = 2K (A + t)?
D? = (K —2A%)(2t* - K)
dA  D'u—Du'  DD'uw—D*' 2(K —2A?%

P — = >0
dt  (u?+D?)  $(u®+ D?)D D(A+1t)

EaJufT$dz =
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EXF S0 REA

a+b

K —2A* =1+ cosc— 2cos’ = cos ¢ — cos(a + b)

1 1
:2sin§(a+b+c)sin§(a+b—c)>0,

a-+b a—>b
+ cos

A+t =cos

a b
:2 — —
5 C082C082>0

MAT L > @R A) Rt 3 R TR ja—b| 893 AR o [
B AYYER

—AHR@EAY AABC 95 R L e A B, C =AM E W F @ 11
FHR@ORE REARTFREZANY NABC £ F@ 11T $ &R -
o (B 7-14] 7

§2(1)

(B 714 ]

AMAETETHES > NAEKREBET GES » L=0M - FiE
OM AT &8 @A Nl [EWGHE I A

M T R F@ IR T ZEK ARG EREITOLIT TS
(invariant subsets) * X3 @A A K@ Ty L ( TV &> @ L& s
FERTREGAED LAEL— A P& Tp ot V A o

[ 232 7.6] !
OT}:B(aqubeancxa)

KUz =



150 % b F R@IUMAREZA P

Yk TyNl={V}e A& ¢ EHRS O ®mAF ITEX > FTIA
SP) Ae M AR L AR RFETHAEATIT TSR BT =5%(1)NII &
GRELREFE X PATD EEL -5 WA A -Hxpr el
ABRBHE P A FRp(Ty)=Tp> @ pREF(HE—EBAZTTFHY
BT Tp Nl =p(Tantl)=p(V)=V-e

-ﬁ-%‘ ’ TAﬂTBﬂTC R/?':ﬁ“/l\,‘ls\ ’ F}TVJ\ V;Ei‘%?}t?% {TA, TB; Tc}
B9 F 3 o mIk TN

OV.a=1,0V -b=1,0V -c=1

MALOV RE— B AR LR AL GG E - HABER L T4

%(axb—i—bxc—i—cxa)-a:%(bxc)-azl
%(axb+bxc+cxa)-b:%(cxa)-bzl
%(axb+bxc+cxa)-c:%(axb)-c:l

PR b R OV - n

(#E# 1) - 2Lak@EwE {A B, C, D} 2RO AE 542 BN
@ {a, b, c d} HE

(axb)-c+(axc)-d—(axb)-d—(bxc)-d=0

GEB ol L@kt 0 DT AABC RS BRI G AR AR R T) &
BV B OV -d=1 HE

(axb)-c—(axb+bxc+cxa)-d=0 ]

(6 2] & RAKEE AABC 895b R ¥ 42 » 7 87 [A 7-14] +
Z AN 8998k > M A :

2
tan® R = ﬁ(l —cosa)(l —cosb)(1 —cosc)

EaJufT$dz =
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WY e [A 7-14] TR 0

tan?R =0V -0V — 1
1

2
= ﬁ(l —cosa)(l —cosb)(1 — cosc)
H P w=cosacosb+ cosbcosc+ cosccosa © []

@ @A (spherical quadrilaterals) :

— W AFBYGHEN  ANZABFE =g FRMNA L F > (21
AAMIHERE G mFRDARTRREF B AL GHERL
P ERF R EEL AL ARF R AT EACEEESMN - &
{a,b,c,d} R—AMHEOWIHBYM A EGE > BNEASIPIIL
AR TRRELOAG KA AEKGREZ > ENIRAEA -4
MK KR AT UANL T AT EANIMBMERETEFAANAIME - KA
TAR FAT S BRE @R (FRATZ X ) 89 RES X KR RFZAH R
HxAKX B

[V(a,b,c)]?-[V(a,c,d)]* = [V(a,b,c) - V(a,c,d))?

uf

M 4 %) AT 5 K R kA XL 0 B A
aa b-a c-a a-a c-a d-a a-a b-a c-al
a-b b:-b c-b ac c-c d-c|=|ac b-c c-c
ac b-c c-c a-d c-d d-d a-d b-d c-d
= VA
ara=b-b=c-c=d-d=1
a-b=cosl, b-c=cosly, c-d=cosl;, d-a=cosl,
a-c=cosdy, b-d=cosd,
ARNEBP A
1 cost; cosd; 1 cosd; cos/ty 1 cosl; cosd; 2
cos ¢4 1 cosly | - | cosd; 1 cosfl3 | = |cosd; cos/ly 1
cosd; cos/ly 1 cosly cos/ls 1 cosly cosdy, cosls

KUz =
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& — 7@1 ﬂ/éljj'_k;(%z;& %/{:E 61—63(—0/) €2:€4( b)’ffEF
Zaf g &R F KRG REN > MERXXAXTAKA[MAL XERA

(1 +cosdy)(1+ cosdy) = (cosa + cosb)?

[Z]: EF @I > At &5 E RGO HBh2FITORY » B
WEFRO OB ETAERFITOABAEARD AT GRS (RR
[F47 ) BALHREACERELRFENGT ! ) - LF > B REODY
W TEAAYN L ZMFHFEIARRII s WBAH P Beg R
R R > Blie xt A ZAF o~ Axtst A& 405 B0 G4F T
BE o ZMNUTUARSAZRZAF>r R AZRELEE XA X :

o [B 715 Fi 0 B A AR R A X

d1 d2 9 — dl dZ
sin — sin — cosf = cosa — cos — cos —
2 2 2 2
d d d
sin 51 sin 52 cos(m — f) = cosb — cos 51 cos 52

A XA A 0 B AT

d d
0= (coscmLcosb)—2(:0551(:0352

75 Bp
(cosa + cosb)® = (1 + cosd;)(1 + cos d)

BAE LR O WMELERGAREELNZE d =dy=d> T
cosa +cosb=1+cosd
BT [RE TR 1T =0 E5HX

¢1+ ¢ —x=cosa+cosb— (1+cosc) =0

EaJufT$dz =
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AT E LR AABC # AR EF AB 2k o [£F& LT -
AB RS RMOGELEA L0=1/2 RENG > TALE o, b BEZH A
MARGBK o ZREAF—REL : — QLR KERGY=ZAN » EFH =1
AL 6 B A2 BARAR KA R ILAT P R R L o]

vy e @A

ERRKFEILAMY M ORNRXDEZEZROAE - B > EH
IRV OR MR TR ARFRGFITOLY (RFH 0 £
W EERGFIT @B ) o Bk s ER@JLITE » 46H 6 8 KT
HALRKE T FITwH | AR ALR (RTAZKEFK) EH
o MR 75|k TR R ALKk (%A o, b) 8§ TF
TG 2F o RaleEBARK -

[iﬁ?ﬂ:(ﬁ@ﬁ% AR ) ¥R Lk g b A E At
Wk IER o L ERAXAY

DW&)=4mn1{“—f%aX1_amm}g

2(cosa + cosb)
R AEARKA c (AEFK) o MA

14 cosc=cosa+ cosb

u = 2(cosa + cosb)

D? =2(cosa + cosb)(1 — cosa)(1 — cosb)
a5 Bp

O(a, b) = 4 tan™*

2:4tan’1 (1 —cosa)(l — cosb) N
u 2(cosa + cosb)

L% MALAHORABAFRART [ FHA@AH | > FLT
H[EE 7.8

(2 78] : AWRBkSEH {(;1<i<4)mBEKS T 2r 9w
ﬁ%? ﬁ@ﬁuﬁé%ﬂﬁﬁ%*%ﬁkﬁ w Hag & A H T
/fi ‘ /\ /u *’é\ J

KUz =
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WEB] + 4 ¢ =cosl;, x =14cosd > HF d:@ (/&£ OABCD 3E &
i RATHRE AC R TFTAFROMRETAR) » A AL Ay 23 AT
AABC #= NACD # @4 » WA -

D D
A(OABCD) = Ay + Ay = 2tan™! =L 4+ 2tan~' =2

U U

-

UG =C +C+T, Uy=C3+C+ZT
D} = —(c1 + &) + 2(c1ea + 1)a — 2
D; = —(c3 + c1)® + 2(czes + 1) — 2
[T B XM 5F1E4F Dy =a-(bxc)# Dy=a-(cxd) ZRAE o |
W 75 R et E o A

01+CQ—LL‘+03+C4—£U
xDl JTDZ

MAEEEMNAGERZRINT—TFTEXEMG LT ESL : 4 1 =
TyNTe, Py = TaN T 0 (OAC) » W& HOP % acWBhusmi
OP,-a=0P,-c=1"> F

OF, = —(a+c)

+a-c

Al(x) = Di(z) + Do) =

ﬁ%"wxP;EEIJ:H:é\—“B’D"Jr:‘bEL(OAC’ W PP 7% axc i
—MEAR 0 BT A

OP = 1_i_a.c(anLc)nLk(axc)
AV, Vo 2% & Tp, Tp Ao b 9 & > TR B
Vi=TaNnTeNTp, Vo=TaNTeNTp

n A

ov, - —
W_

o (a+c)+ki(axc), OV, -b=1

o (a+c) + kq(a x c), WQ-dzl

EaJufT$dz =
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BT A
1 Ci1+C —<
x(01+02) 1D 1 2D,
1 T —cCc3—¢C
E(C3+C4)+k2D2:1:>k‘2:x713)24
2 I A
W Ci+C—T Cc3+cCc4—T ,
VoVi = (k1 — k2)ax c= + axc=A(r)axc
l‘Dl l‘DQ
Fiole Vi=Vy B A(x) ABAK > @ Vi=V, Wk R A LR o ]

[(#1R 1] : & 0y AWAH R JEGRMA R > BP
+ Cco — Xy C3 + C4 — X
Al(zg) = 2 + =0
( 0) l’oDl(l’o) JJ()DQ(LUU)
%61+02203+C4’ m'li?’l\ Top=C+C =C3+Cq %ﬁﬁj{zﬁﬁ’.9 -ﬁ‘%/é’:ﬁ
BT AC T RIER G EIE A A (20) B Aolze) & BIAF R ALK o
HoeoteaFtegtey (ThZe+tey>cgtey ) > HEHKX

C1 + Ca — X C3 + C4 — T

=0
.ZUUDl x0D2
Bp
c1+ s — Xo XTog — C3 — C4
= >0
xo D1 xo Dy ( )
BT VAR

2 Do)’ _ (et —a)
Dy(z0)?  (c3+ ¢4 — x0)?
_ Dy ()2 + (1 + ¢ — p)?
Dy (20)% + (3 + ¢4 — x9)?
1—c)d—c)
(1 —e3)(1—cy)

Q= ca)(1l—-c)
- A‘”¢u_qm1—q)

KUz =
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Fw

C1+Co— Xy

L (1—c1)(1—ec2)
To — C3 — C4 A \/(1—03)(1—04)

(1 — ) /(1 —es) (1 —ca) + (c5 — ca) /(L — 1) (1 — )
V=)l —ca) + /(1 —c)(1 - c2)

B KA

Ty =

EEE ot =cte o EXRAXEH

Xg=C +C =C3+Cy4

3
o

FrA kg i {¢; =cosl;,1 <i<4} £&K x9=1+cosd 89X Z %8
g !
(Bl 2] « @A BYOAGZKRRFREN {4;,1<i<4} 4 oA
/B8 AR MEAGRA o 89 H8 > TR Ax), z =x(p) > BthZx EHE
’ EF’

sin ¢; sin ly cos ¢ = (z — 1) — cos £ cos Uy

xR B AF
dy 1 1

dr D, (axc)-b
A4 R d [ 84 IERA AT

dA
B =""axc
dx

BT VA
m-bzi—A(axc)-b
x
_dd dr_da
Cdr de  dy
[ 574 ]

(1) R RE E— MRk TR T AT EA LT 2 55840 9]
BT 80 AR T RB b R B0 T AR 80 o

EaJufT$dz =
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(2) % AABC #—AEAKRBZAN » /C =T Kk

tan a tan a tan b
,tanA = ——, tan B = —
tan c sin b sin a

cos B =

(3) & S*(r) &R—=/MA O S » Ff2H r 93K @ o P KIS — %
A (4 [B 7-16] AT )

(B 716 ]
BOAHE P ARAZ () F Q, Qy HAHZ - RiEl A

PQ, - PQ, = |OP|" =

Rr R uRAA (LR REE » PQ =k, PQy=ky @1 X
RO L& WA OX=0P+PX=0P +ku’ £4 k % PX
GAGKE » @ X eS2(r) 9 EHKMNE OX-OX =12 ]

(4) & PT; &A= SP(r)y AT T, 9 &k > i =1,2° X1k PT} #=
PT, %% AMBAAL P &A S2(r) Aatntgbn RPT AR L&

o]

(5) AP RIEFAZ OPZ ERA W.@:TQ & & o I £F OP
EXF P AGHT® 4 R=(NT1° RiE (PR;Q1Qs) AIAAe & 7]

7R Bp
QP QR

: =1
i j
PQ; R

KUz =






f% /\,ﬁ%

(5] 5 4% 2% & 3 F

ARG F 2R FREF » B F &L F BT 25 4R K
s REPAEE ~ M A AP L o AKX LA Foor nAeds THEHME -
Euclid, Archimedes, Apollonius, Pappus 3 JLAT 5 K V5 &F # & T [ 48 2 4,
BBt s T LA £ & L UMM R o 2 F L Apollonius AT Z 69 A\ A
(AERE®) EERR > TRRELTHABIUTEZ NS ERGHEE
XA B AT RABEMA LT £ B RGH R 0 77 &K INIUTF 8
B Hrt A B % oA K6 AR B & s BATEY JUAT 73 & [ 8 JLATE) B A&
Hr o EEFRIZ—FALELOEEL  AFRFRLEANTAR NS L
WAERARGERGEH I EZEL2OAEG - LF—HAF+55 -+
2R o Kepler ifTEET =X AR @i B KB EITH HE
C hRE—FAAREA L —E EGHE o Kepler = #77 £ERAF AKX
B ERRE » ER2A0 T RIXFHHLZL mALTFRTH
Gl RARGARIBATAE o db T > & ERREELIUTE R ELT
GERFY BNETRAKXGERABET ARG AGHEREI— o

EARFRATER XSG RALFTIRA T CRA > K EBREEZ—
BoF A IUTERF MRS FINANE s RARBHEF o
8.1 A& &4 I 4 & A

TG B KR ERE—ARAE O EWBEEL—AE 2 12
RAMDBEMN A HRATY > ZBLFHhAE THE ) G—FH 8AHL -
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160 N E, HaRAOUE

R AT ZECHE — AR L E X S8 55E: ARLSNEEIFAY
HHREAS RS T RS ERA RN LT RE 2 &4 M LA
FRELAFPBAGE TP REBAALBORETEL s TH—AHEL
AAARE R AL Es— s mtOERIml—gk (£
o REKRAFENFRN LM HEG L) » KATA (A 8-1] %k
PRS2 T RAPAARKGERFLGESR - X T R—MF2A R
GAEER - RARFOTOLE KNTARAANEEA R O®E
S YWk THEM BEAGOGR@ I Fs > —AB A 48
F R, F®EE (4 [B 81 FF5) o

T
9

I
i
/
/
7
.
-7 ~_
N

(B 81]

AT, Teo oL THRE X, S, fiE@miamtgHl - x PEMATD L
/f{-gé\""?‘ ’ QlQ? 7‘%7}5@—1"@ P /5\éﬁﬂﬁé%ﬁé§rﬁi ’ Ql € Fl, QQ € Fg °
) A

PF,=PQ,, PF=PQ, (T AN HKayw&kkiF)
PF, + PF, = (1Q2 (2 %)

KL > Rbush& S FF A4 MU F FE R B AR @6 & AN A
heg THAMRL ] QG JUMHFERLER o LT — M ASE
b A AE |

TESTENE L P Y L EE S PP S S P2
BHAMAERA KL o [B 82 Ff -

EaJufT$dz =
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(H82]

B e [B 83 Frw o Fdde [ 4k @69 BT T AP A 5 A A
W FERAEMBR G E AR EE L e [B 4]~ [B 85 T+
M EREAERANE AR ARPAEANAR —NER mAETARE
FAEG TUAT #9E » TE B St & e o4 & 69 JLATAF P 9 Bl 4o T > BP

gk : |PF — PF| = %44
W PF=d(P(l), ®£¥ (R2EX-

LW 4R,

/%%é’i

(B 83]

KUz =
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~~~~~~ K

(B 85]

8.2 [H4E#| &y HFMHMR

A B L@ R R, P, A6 F o R B R 2 &
4 AR TS ~ s A A B TR AR o B [B 86 -
(B 8 7]~ [A 88| B & o

. 5

A 86|

[

[ A 87)] [ B 8-8]

EaJufT$dz =
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PA k& &4 Apollonius 89 % % F AF A 1 fm 69 JLATIE B o 2% 1 & A 4% B 15
N IE R4 T (HhmEag A mGHEIA)

APAMRATD LEEL TS -4 [B 86| Fix P A BLPE
AR ORE I s W

(B 86 ]

MIEBA (A T AT P 2o FBP ¢ b4 FT P 5 P R AW
[ 24 B ILP'+ P'F, > F,P+PF,° %1EXZ 4 T :

(A 86" |

to [ 8 6"] i > & FyP % LI F' {243 PF = PE, » WA APPE =
AP'PF' (S.AS.) o 1 3t B7 4%

F2P+PF1 :F2P+PFI
< FhP' + P'F'
= RP + P'F,

Wk ik B\ P, FyP B A e P &893 2% (normal line) T A% 89 A B oL
AaF (B : N4HA = R4 A) o

KUz =
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8.3 [R4&/ZAr— X%

BT +Et#e  LMEFGRATEHALT FHEGRE > Mk T
& F )L (Descartes) ~ % & (Fermat) F7 4] § 69 M AT JUAT % o f XA 3 7
%A1 R EE B R Je X AP AT 5] 2 69 A AR MEAT R R R AT AT [ 4R AR 2
JLAT > AR BRI - AL RNBXRA—F - PMHERAY
FAEXTLITAAT ?

(B 89]

OX -OA = |OX|-|OA|-cost (M4 F X )
T (ax + by + c2)? = (22 + y? + 2%)(a® + b* + ¢?) cos? 6 .
ML T R LR { A 2=k 69X RG TR XK A :
(az + by + ck)® = (z* + y* + k*)(a® + b* + ¢*) cos” 0
B FREART SO HERA TIEM—ARER KO T EXAZ—
Mo RFRK o =X TILE R
Az? +2Baxy + Cy* +2Dx +2Ey + F =0

MBEHER  TARERARZE RSB E - REAXRBEINSRE » £
TAEAT =Rk h B A AR 2 R 4B R R 2

AT ERALERF P s ARMASIARE ToXA [ A4 THRN
TE | EKRELA

EaJufT$dz =
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84 4hEhTHIARE

FHG—AERRRATREG ALY GH T A LB IL
MR A A ER A (FARZAGFILEIRA) LAY Lk
St o 5 RAVR LA AR LA ILTENN 0 — R EHILE S
RAM A iz A ORI L H L BA ARG ILITA R o fldo 5 KA
ER R AN l— 4K ZEANRRAGER 2L [0;2,9)
Fo (00, )} POFARRER o HE A Y

Az? +2Bxy + Cy* +2Dx +2Ey + F =0

Fm
Alr’? 4 2B'2'y" + C'y'2 +2D' +2E + F' =0

FioAbLdmisrz R GAKZwB AR {A: B:C:D:FE:F} A
{A":B":C":D:E:F'} ERXEATREARRGILMTEL > mAA L
PR THITHRELITORFRAZAES 2 LA KRG IUATE L o
WL W BHG =R B ILITH BARAFANEF R X Z KGR
TR (AFNETRXNGERTHRITE) AL TET - k&
B R I BRXEER T #®RPFHB TR ITEAATREEZAEZARALRTT
T FpEA

A+C =A+C"
B2 — AC = B* — A'C'

A B D A B D
B C E|=|B C F
D E F D' E F'

AEPHAKT H 6,0 AT ERZARRTEE - BA -+ FiA L e
TREMTARBREREZARKRTEE {H,0,A} 09 5% - £REA
W H, 64 A A2FETHRITOFRENE:

1. FaEEGELRKRTHRABTAG FHEAER (5 ) THhiEE MR
oAB R > F @ EAELAANE L L AR AR {O;r,y} A2 {02y} L A8 &
RREBETAYBRFHFEL LArTHGAE > 4o [B 810] ATF o

KUz =



166 N E, AR AROHF

[ E 8-10]

2. % PEF@LMEL—X CELIEE {Ony}, {02y} F
{02y} P8 2AZD A (v,y), (a5, y") F= (2/,y)* 7 A

OP = ze, + ye,
O'ﬁ = 2"e, + y'e, = t'ey +y'ey

% O0" = he, + key, Ze,,ey) =0, ZLeyey) =0 (R o+0) » WA

@:W+ﬁ:(h+x*)ex+(k+y*)ey
= r=2"+h y=y"+k

e, = costle, +sinfe,

{ey, = —sinfe, +cosfe, (X sinfe, —cosbe,)
x* = x'cosf — y' sinf
:> * ! o3 !
y* = 2'sinf + y' cos
{x = 1'cosf —y'sinf + h
=

y = x'sinf + 1y cosf + k
3. F EXRA—AZKREEAE {O;2,y) PoFAEKX
Az® +2Bry + Cy* + 2Dz + 2Ey + F = 0

Bt FRmiFH 2 EE {02,y POZAEKX - bt big 7 58

EaJufT$dz =
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=)

SN

(A" = Acos? 0 + C'sin®* 0 + Bsin 20

B' = (C — A)sinf cos + B cos 20

C" = Asin?f + C cos® ) — Bsin 20

D" = (Ah+ Bk + D) cosf + (Bh + Ck + E) sinf
E' = (Bh+ Ck + E)cos — (Ah + Bk + D) sinf
| F' = Ah? + 2Bhk + Ck* + 2Dh + 2Ek + F

4 WER-RBBOARG 2 TR WTAERIE H A& 08
R AT o B

A"+ C" = A(cos® @ + sin®0) + C(sin> 0 + cos’ ) = A+ C
w A4 R A

B”? = (C — A)?sin®0 cos® § + B(C — A) cos 20'sin 20 + B2 cos? 20
—A'C" = —A%cos?Osin® 6 — AC cos* § + AB cos® 0 sin 26
—AC'sin* @ — C? cos? §sin? § + BC sin” f sin 20
—ABsin?#sin 20 — BC sin 20 cos” § + B? sin” 20

fEXT 2 B2cos?20 o B2?sin?20 &4k % Kk 2 B2 @ B? P A K
LR LR EF A —A'C! F AR AR TARTE 0 BT AR AR

B”? — A'C' = B? + (C? — 2AC + A?)sin® 0 cos 0 — A% cos? O sin” 0
—C? cos® fsin” @ — AC(cos” 6 + sin" 0)
= B% — AC(cos" 0 + sin* § + 2 sin® § cos? )
= B* — AC(cos* 0 +sin*0)? = B* — AC

5 ZATZATARARBGEERBE T ZRBIE AGFRTH 22 L F
WEHEMALE - TORRBEA —NMREGTZH > mAFRTARELE
MeiE O o — A RBATARA T REREM X K&K :

A B D T
Az’ +2Bxy+Cy* +2Dx +2Ey+ F=(z y 1) | B C E y | =0
D E F 1

KUz =
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B @ AR R TR RXALEEN XN T R TIAS KR

X cosf) —sinf h x!
y | = | sinf cosf k Y
1 0 0 1 1

cosf sinf 0
(:v Y 1) = (a:’ Y 1) —sinf cosf 0
h ko1

BT A v B 4% 3% 7T 4%

A B D x
(a: Y 1) (B C E) (y)
D E F
cosf sinf 0 A B D cosf) —sinf h x
= (2" y 1) (sm9 cos 6 O) (B C E) (sin& cos k) (y’)
D E F 0 0 1 1
x
Y
1

A B D
— (:U’ y/ 1) B C' E'
D" E'" F

7 B

A B'" D cos@ sinf 0 A B D cos@ —sinf h
B C" E') =| —sinf cosf 0 B C FE sinf cosf k
D E F' h ko1 D E F 0 0 1

WL L AT I X8y ik XBP A

A B D cosf sinf 0 A B D cosf —sinf h
B C" E'|=|—sinf cosf 0|-|B C E|-|sinf cosf k
D' E F' h E o1 D E F 0 0 1

A B D

=|B C FE

D E F

¥ ERARFT T ENERAPLETRESEN » LT UAH 240
e =R BImAUAT R o flda s 640 OHFEMN » BPTRKBE—-ANFHT

e
r=x"+h
y=y +k

EaJufT$dz =



84, AT #HFI LT F 169

45 D*=FE*=0> T d TRAKEFTAZL

Ah+Bk+D =0
Bh+Ck+FE =0

PP KRG LR FA b6y {hk}o T REGRAELIIFAR {025y} P
WFRRXRKLTA (& FHETHRFLSKT A B, C 91E)
Az*? + 2By + Cy> + F* =0
x4 F*:—% o T ERANETAME BT B
x* = 2’ cos — y'sinf
y* = 2'sinf + y' cosf
%4 B' = (C — A)sinflcosf + Bcos20 =0 > 75 Bp

20 = 20 = g=Liant 20
WA “2 A C
(FRO<OI<IREZLfG<aH > NITAKRFE A -CF A-CRHF
P IRIEZ o ) MR A LR {0,y PHFTRXA

2 2 *
Ad? + O+ F' =0, (F'=F=-2)

A+C' =H=(A+C)

A'C' = -6 = AC — B? AR

ﬁiﬁ{mC}%ﬁuéﬁﬁ%{

w (4,0} = {52\ [E ) -

(R]: B A RGBETR (1,y) = (—z,—y) L TRBERE » M
HEA TR | & o EATHRRAZKBRGFEXT » B A

Az + 2Bx'y' + C’y'2 —2D2' — 2By + F =0
MILT L5 RBEAEACHBRGARERHRZED=FE=0° 3 §#0
it EMNTARFFHLRES D' =E" =0 TAEZANHR =R
ZRARLACHMAE  EER =0 MFERALZEHRA?KRNTAATE
8 AT R A

KUz =
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B’ O=0" RATTALA — 43T %
xr = x*cosf — y*sinf
y = x*sinf + y* cos 0
#4F B*=0° BH 0=0=B2— A*C* = —A*C* > BTok A* F2 C* 2 F
LB —AAK Fid 0 ESHR (FPEF A-C, A" —C* R 5 &
AFO) EFC =0 TAET LR EHTHRISZ » —REGXE LR
A {O;a*, y*} 9 F AKX A
A 4 2D* " + 2F y* + F* =0
BH—ANFHTHR =2 ——*,y =y B A
A2? +2B"y + F' =0, (A =A"E =E")
LX) (A B} TARLREERG H=A, A=-AE"> B F' =
:hhgoﬁﬂ¢o’ﬁWA¢oﬁ’i% Ktk o L& T AN
FHERR ="y =y - FFTRXNEA A LY =00 %
E'=0° R A=08> MRBELHEMLE—FEL (ZRE) 9F
5 o
BHELEIN  BNTAALEE H, 6, Ade—Kxeg =R & &AF A
I S L

B 640 AEMEM > SR BWFEXELE S G TS i
T 1% 38 7T L B Ry,

2 2 *
A+ Cy*+F =0, (F'=F=-%)

(1) ZA,C'R% (Bs=—AC'<0) MAL F %% (B H-A<0)
BB THM RA S 4L =1

(2) % AL CLF RAE (B 6<0, H-0>0) o RET & 6 %51
a2+b2__]‘;

@)%Aﬂym%(W6<o>ﬁﬂFun(WA—0>’w;&@ﬁ
SHAAH—E L4+ =0 (RTEHMRXF—LAH—EELA)

EaJufT$dz =
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4) # A, C' %

( 0) ME F' 40 (BF A#£0) » M BT
By kp o0

Bp o >
=41
) % A, C"#5 (BF6d>0) mA F'=0(F A=0) > MET—x

2

MR ALY LS 5 - L=

b2

FH=F =0 ERMEM » —RGEANTRXNELE SN FH
T 3K T 2L 5 R
A'2”? +2FE"Y + F' =0

(6) & E'£0 (B A=—AE*#0) » MET WA LS y=ar’
(7) % E'=0(Bp A=0) > MET—x (FiT - MERE) A

KA 2?=a% 22 =03 22 = —a® e

(E]: W ER SR TAEBES » — 2R B& 284 —5t (F47 >
MEAARRE) ERAOAZLAHHREZE A=0-

85 ZAR—IZRXREE& ] st —T2XK
RS SO
ANFATPAEAARPGEL > PAAT —ABA PP TIRXA AT
—H o EXABHAERE  LERNUMEEZEAEAPFEGFTAEAXF £
BN R B At by o TR Bp
HE& 74 : Av+By+C=0
PEAAMNRIR L AR {A:BA:C}s

B 74 : A(2* +y*) +2Dz+2Ey+ F =0

FEAAZAMARIG AW {A:D A EA:F}- B% » ERANRF
ARAAEMIE R > RATET AR XN AES T Z a0 &£
o AR & X 0 Bp

KUz =
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Pi(z;,y:), 1 <i <3, Z A £ &G5H2

T oy 1
To Yo 1]=0
r3 y3 1

Pz-(xi,yi), 1 S 1 S 4, @,‘}5\%613 éﬁ’ﬁ"%

iyt ooy 1

Ty o 1] _

w3ty v ys 1

3 +yi Ty oys 1

Fil#®Ed » KAELAH TESE {P(r,y), 1 <i<6} 2E—NMZRE LK
LR & FE

2 2
Ty iy Y1 1 U1

T3 TolYs Y3 T2 Yo
T3 T3Ys Y3 T3 Y
T3 TaYs VP Ta s
T TsYs Yr Ts Ys

2
Tg TeYs Ys T Us

RACKREAERFEARYG F %A {ABCDEF}#&#%

e T = T S O
Il
o

Az? 4+ Bayy;+ Cy? + Dz, + Ey;+ F =0, 1<i<6

AR EMN - BEm&ite {(v,y), 1 <i <5} BREBRETHE > mie
(z6,ys) BRAZHAH » M BKXRF T (z,y) > W L& SHATH XL
q {P(zi, 1), 1 <i <5} BARGE-—ZRG K FREKX o B
TR EE—= KRG & GREERR o

8.6 Pascal ¥ ¥4 Pappus & ¥

@it w2 a s —— XA LG EARREELHEX - REARR
BMNZER BTSN AEE—ZRGRGIUTEH R ETREH R 2 LR £
# % 69 Pascal & 2 o Blaise Pascal (1623-1662) 3 5 ¥ #t » #b iz 5 8 X
CEAH—ARARAERRGIMT o THSFHPHRD - RFLEIRNRAIEK

EaJufT$dz =
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T BT of2 & Leibniz Wi FF L2 2 FEPAHATHEEAANE
Wi B —AREREAD LIRS & {A, Ay, Ag; By, By, B3} > 4=
(B 8 11] AT » 4 P=AByNAyB,, Q= A BsNA3B;, R= AyB3N A3B,
s MiEH {P,Q R} =& &% -

12 % Leibniz 3L € 2 R 1845 Pascal £ B F AT EA T » ALK
190 & R f6 K Pascal % K8 JLITIkJo 5 5 R AF — 615 & R R4 5
o

FhLL=#%2 K Pappus ) JUMT EAE PR M TR 44 » Bp
4o 812 /T & » & {Ay, Ay, Ay}, {By, By, By} R H & (fo 0 Lth =
B4 oA P = AByN AyBy, Q = AyBs N AsBy, R = AyBs N A3By » Bl
{P,Q,R} = A %4 -

THIHEELOGAERRA—ANTAHBXERNRFLALED T
A IE » & Pappus A7 % AR &) JUAT 5 FA1 & Fo 18 4o {718 9 L3k 4 A
6 c TS R ELERIEGR ?HFIE—DAFHR T EHEMG [
EEEA ] o

KUz =
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M ATE KA KAE T Pappus TG F IR B 4ol o & T & A A
ARG XN B > RATAEBE LB AL FREeg UMM EIEFE
keg o W L FH XL EE > X Pk R A Menelous # & 32 2 1L
=2 £% 1 AXERE > PTARATT AR R S F R Z £12 H Menelous
#5232 K 1E B Pappus 3 o &A1 £ & Menelous @ 2 fo L 3 w32 (1%
W =F A )

[ Menelous R A T8 ) : RAA (5 NABC =% i X A4 AB,
BC,CA##MXTF PQRMF=ZE  WTEAMKkEII fRIEF
F o1

AP BQ CR _
ot T

1

RZs»ZMAFpZ=4 P,Q R >3 & NABC =3 AB, BC,CA X L 3##%
RErmAGKRERGERHRX > M PQR=A%%K o

C

[ 8 13]
I, 72 1k & AT & ] Menelous & 3 fe 3% T 32 %k 1 8] Pappus € 3% o

R MG BABITEONKTEL » RANTTARERM » PRI P =%
e PQ REXRMM—NZAL  REBSTHEGAAEZLFAKER
Menelous & 3 o 4o [B 8-14] AT » KA1 T A B3, AyBy, A3By %k
M ASTU -

EaJufT$dz =
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st A;By 3£ A Menelous & 3% :

STNA By = {Al}, TUN A By = {Bg}, USNA B, = {P} ’ F}T WA
SA TB, UP _
AT BU PS

*t Ay Bs & Al Menelous & 3% :

STﬂAng = {Bg}, TU N Ang = {R}, Usn A2B3 = {AQ} ’ )S)T VA ¢
SB, TR UA,
BsT RU A8

st A;B; & Menelous & 3% :

STﬂAgBl = {Q}, TUﬂAgBl = {Ag}, Uusn AgBl = {Bl} ’ Fﬁ’ VA ¢
QT AU BS

xt ¢ & | Menelous & 32 ( A 1% 8 48] )
STNL={A)}, TUNC={Ay}, USN L= {A,} » B2k :

=1

AT AU A4S
SAT TA; UA,
#t ¢ 3 | Menelous & 32 ( K 1& Eqf5| )
B STN¢ ={B3}, TUNVI ={By}, USNI' ={B,} » BT¥A :

=1

\ \

BsTT B,U B S
5B, 1B, UB,

=-1

KUz =
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R LEFEFGELERAEAR > RELILAR S RIS L8 40H
D RERTRAETEEX

5 TR TP _
QT R®U PS

i Al Menelous # & 32 » Bp 4 P, Q, R = & % » Pappus @ #iE & o

A FH1E AT R AR T Pascal ZHFIEAREA RS HEESZGTERME o
B0 M B R e Pappus £ 3 0 dy B i 2t T Pappus € ¥ 6 LR B %
o Bk MeATRIEVA > kS kA Pappus LBAFHAABZGHS < o
(B 815 Fiw» 0, % 2 A AAET AAASTE I, IV /% A Y
R A e A (A, A A By By, B & S B AR R AR {0, A AT}
F2 {0,B;, B} %A #BE R

1

(B 815 ]

A P =AB,NAB), Q = A\B,N AyB|, R = A,By N AyB) o T~ & 3|
{0,P,P'},{0,Q,Q'}, {O,R,R'} AR ZEZ =84 BTk {P,Q,R'} =
BERGARE/HTIE {P,Q,R} = A £ % o s T AM B 5 Pascal %
SFREWEAL  RZTARTRGEN XA ERE o a5 3L 0 AR
tegpte et e TH%EM | hodim8f o W T —AHH | AT
VA2 B B R E AT R A A HE 8 AT | 3% BB Pascal % X 89 JUAT 1A %2 % H)
W Lo AP A EMERA [ 54AE%K ] EAsE4e Pascal £ 349

EaJufT$dz =
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R TRGFER AR E A S ARG & AEAT K
NBE S LB RS R EHEE Pappus REGHFEF AN 4 H
P.Q R TE=ZB X LQRAZAL » 4o [B 8-16] BT =8 ASTU °

i Pappus &2 ¢ BT A 8§ (A 8-16] A= [H 8-14] A stk » E £ 5| Z Al &
R ASTU 899 Z Q3 X9\ A & BAMBRAMNE A ZFE&P—1H -
BB ARATAL X =5 AL%ER Menelous © 32 » BP 43

SA_ TB, UP _

AT B PSS

SB, TR UA

=1
BT  RU A,S
SQ' TA, UB] .

QT AU BS
MBI BEBEL LITEN
SA SB, TB, TA, UA, UB, 5¢ TR TP _
ALS  BIS BYT AT BWU AU QT RU PSS
e £ X Fo Menelous 3# 2 2 F &g &4k » EXEMEZ T —A
SA, SB, TB, TA, UA, UB]
AYS  B)S BYT AT BYWU AU

KUz =



178 N E, AR AROHF

> BRABI L ZEARGIUAEREZEAECEFT 1o LE > &
(A 8-17) A7 R A AMEFH L

B! By
Al i
(B 817]
ASA! B, #2 ASA,B, A8 4L » BF 1A A, 5B — 1o [ 3% Ep 43
45 B
TB, TA, UA, UB

2 1
: =1
i Ai &U Ag

RXAERTAER PQ R =2 £% AREAN LI TES P,Q,R =
B ESE o L@ B oA kA 0 ZA1481Z Pascal Z F691E
* o KE Atk o

[iZ]: (— ) Pascal @ L R2RE T v m A — 4 &6 LR F QLT
AE o mBLREETREMA I KT OHERG AEFER K -

EaJufT$dz =
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(=) ARG LA ARR 77 ZRGFENZH o T L X T HGEA
—ANETEMRYBITHRFRT L GILMER » 3 REZELHERA
HAGIUATHR o LiX Pascal TE R ZE P2 —» SARATCTEELPRAY
FROGERTEER - RS HEHGEROEMRY T TR -
AR AR kA3 F o

( =) Pappus T ® % 5 & Pappus 9 F T » RRAJEAHB XN ER > &
ERE > KMAESRGIUTERINAACTAZ—ANEYHFARDL : B
T S8 QIR AT » FARAERGEZM o L5 Pappus £IL Y
KA B —HAB T AR REFAERYILTEOH T A RIALEE
AEAREEMW - CZEAMNFHIUMEG L KT E (fundamental theorem
of projective geometry) °

8.7 Kepler T2 =% #

BAfw@EG T RARAMGRAMERAENR: A LENALE
HHhER LG AL EH c HTABETARETIAR T+ E
MR ZOGARE LA NREIEFEHRGR IR o Pl b B ~RE B
Wt ~ A FEXLARLLALZRFEIF LA G EZ IR G4
MALBEARZE TR > TALEMNA ZRE T E—Ness R7keg [ X
] kEey T1EE | (fixed stars) o B AR P LHAn ARG EE » B
ML tb 2 2ot EME—EAE T » T RAE KRR ETIZ0H &Y
(472 1 (planets : XX R RH ) o LLMAFHOITE > A F Ak
Bl FHHERRGELZARE - EERORLETF > B AT H
A~HTEERZFPEFTOAE AR RIZO P ORAM o WFE—HF 3|
xR Kepler TEZZEGLAL L ELD » ot
A ERRLFOERRBEAREL o kKiE8H 3 > Kepler =& 77
& A Tyco de Brahe &k + 5 2t T 4T £ E 4T R VA 4RI » I 18] BT 69 18 R ~
Bmb) R BN KA o Kepler BT %55k A& EH LT
1A 8 32 AT KR R AR R 9% A2 Tyco de Brahe 89 IR 23 57 &
AT EBATAR KX o LR RRFE » BRFEA £ 1609 F4T AT K
2 (Mars) 89247 X » Xk £ A (I RXRLF) (Astronomia Nova,
1609) P AT R R % — 5 H =& > B :

KUz =
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(% —m#): XEgKRMA—AMAkEETLE &2 —EES o
[ % »’i t]: fﬁmﬂﬁm K BAn KA & ATt ey @iriada o

(A 819]
iz FZ IR T+FEDEFARELMEAATEGEITRE > A FZLH
REMBGFE— PR mAESFHFOMTE (LK)
b9 A4 [ 41 @ éﬁkﬁ_ﬁﬂﬁﬂﬁflilﬂkzﬁij“ FVOE A RERAE
(F % 8 F 1) (Harmonices Mundi, 1619) :

[ ‘/Ui] BENMNTERELHRARMGE — o2& mALLH
1289 527 A= B R 69 T o7 X IR) 6 b B AR 5 o

B IERMNMAKE LI > BRI ~ 47— T % F Kepler £ X3
ITEZRREMENGRELEDIRLZZN—FRIE I 2 L F G @m¥ i
k5% > @ Kepler T2 &89 (AL F)Y EE A2 — Kt S 574
e EE s R ERAGFERLFE R AATERBMEEL P ZRGE
AT o AERLIA KA » R K EMSF K atEMm RISk
o K% % (A 820] AT & o

[ E 8-20]

#EZE » B Tyco de Brahe AR B H AR A 9 N RE KIFEA L &
WG KERAGRG IR > @ Kepler AT R K E AN £ K

EaJufT$dz =
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ERURERER LMK/t ES R FE2EE—FFA
(conjecture) AZ AR C R H A SN A WHAKEI R G F @ - HF
Hie A BT 454 Tyco de Brahe 89 2 M7 &% — ik » RHE L EEZE—
&2 (THREERARIZEIN o ) T » LATH RGITEE KR
E7RATE A AR A B S0 A R R 69 AR Tk o b iF IR EE —
ANILARE A 69 Kepler 2 F X AR 69 F R L@ F L6 LAz JUIT6G e 4
(1637) £ #Fw@+F | F > BR—F+oREYG THEHFR] - BA
KAVET A 52 M 77 & 3 3R B K 2 69 M 438 » ™ Kepler AT K K 4
MZRHKFKE ST REGMGEHGRE | EZI DR LRE G
FRHEGELLBEFEK 2B ETE > &3 T T+EF 4 RIHEK
AT — BT R LBEH N TEETF FEAATEZ
T o B REHF > BRAI% 2 » &£ Kepler 89 % % Astronomia
Nova F AR A @b 2 & o A2 & RATE IR ZAIFIL 6 RE R
s Ml BRI R FTRREREAKGET o L F 45 A KM AL FE
FRARFORRAES 19 FLRITEH—FE - ER—F Pt T L
—NER#TITE 0 I E A Tyco de Brahe & K E 52 M L35 AR 9 & 3]
29 (B 5 &) MAEREXAMGAMBEARE - (ZREMRER Y
RKALTEMMRCHFGZ] » RARCALALAH AIOAEMNELES
THE —HAITARFEZS S o AXANNZ] » 5 T XA —BKE!L

[ b W5 &A1 Tyco de Brahe &5 52 M 2k 3% » TR EER] 2 56 - 8
DR EZLTREZN > LR EHIT4E o | Kepler L2 XX 5
B FERA A EMAKTKRG ST A LT RIAT Kepler 47 £ 1547
ZE g

8.8 W Kepler T B2 47 A5l H 2B
Kepler Z X ZFERME TITEBITHRMERKN o — 48 KRG F A

W TABEAREAARRAR — R A GMANBET? | F 0
EANPEST - AERGER  BAESKMZAAEKLFF AN

g L 3 4% : “Since the divine benevolence has vouchsafed us Tyco Brahe, a most
diligent observer, from whose observations the 8 error in this Ptolemaic computation is
shown, ...... Now, because they could not have been ignored, these eight minutes alone
will have led the way to the reformation of all of astronomy, ......
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A2 (inverse square law) 93] 77 o f B X AP 5] 71 Bl M 3 44 £ TAEAT A A
MR R R KESRMRIZERE MR LREF—F5] 5 5 &
AW EL T ARG A o MALERIAIRLAS G F 5K AR EH
AEFMEASABRENFRAREAFZRLEY ARG I - BRAKNE 22
I 6 JUATHE R A — K89 T /g o

(—) HRaRAX : HEOR =r1ab
EAR kB2 H 20,20 AHBERANR » FE>HH a, b
FEMEAXTARE IR > 4o [A 8-21] AT & o

P = P(x,y)
p T =acosy
AN y = bsinyp

[ A 8-21]

FTRAFAET Plr,y) WFFEMR o &T x=acosyp, y=>bsingp* £
MA®EXaRFEFFFARGLELDH -

2bsinp Az b

2asinp Az a
RE—NE Plr,y) BERXGF R o SRAA X F K @R ImA R
i 4% )
¥ B @ AR = 71a® -

— =mab
a

ZEARER —BRAEY o P R A GF AR RZR AF M > @ E Hooke
AR B B E RGN IEA o 12 Hooke A& & — {2 £ B A F X » T EH A &K
FHFFERAZIANFER - ERPFHRIRTRERESDIEFTFRILE® > b
VARBRESFM A 2FRRAKESIT G T R RS HIENR -

EaJufT$dz =



8.8. W Kepler T 25 4 7 A5 h T 12 183

(=) #H % EFGEX

Yy
P(z,y)
T
s
£U2 y2
@ e !

[ A 8-22]

4o (B 82| T A EL—& P A (v,y) # (r,0) A ETT & &
(z,y) #2 (r,0) X I8] 6 4% 3 =T VA J]

rcos =x+e¢, rsinf=y
2,2
RIEA e e L@ BT ERABREORA L TR S+ =10 WA
b?(rcos® — ¢)* + a*(rsin0)® — a®b* = 0
b?(r? cos® 0 — 2cr cos ) + ¢*) + a’r*(1 — cos® 0) — a’b* = 0
(b? — a®)r? cos® § — 2b%cr cos O + b*c* + a*r? — a®b* = 0
—c?r?cos® 0 — 2b%crcos — b +a*r* =0 (a* =" + )
a’r® — (recosf + b2)2 =0
[ar — (rccos@ + b*)] [ar + (recos 6 + %)) =0
b? —b?

Htbr=——  (r=—— i €L P XA EME)
a — ccosf a + ccos 6

o AT FARAK G THIE » RATEE fE X AR & AR 5 A2 X

r b2

1 a—ccosf

KUz =
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(Z) BRI

AR (F&) AT BER () RETELZE - % 03K
Bl O+do B > KMEMFTENEZNBILGERA dA = 5r2df > 4o
(A 8-23] AT &

[E 823 ]
ERE TR I ARG KR TREBENE I B
% EQd—H 1r2w—k (k% w: ARE)
2" 9
¥4 @A = ab = / :/ kdt= kT (T : A#3)
B 27rab
7"(,0— T

EEALBOEMNARERTHR>G RSB E > FEARINREEST
GE] : M BEZRERA > HF X EZAMEE LN 4= [B 8-24] AT T
rRFHRPHEEGE  vRARLIREGE

EaJufT$dz =
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e xv| £ FATWEH OPQR @R o BIRWEEZIEEKE >t xmv &
AT O nAsE  BAZATFE (HE) €5 ke LEE
ETF@G TAG G R ET TR FADETETEETTRLITY
(B ZAXEHLAFTEREMRINAHETER) - BH

d

0= dt(erv)_vxmanera

=rxF
Breh3l /1 F 94 R 77 e A= v Row FAT o
(w ) &3] : cosf #= sinf &9 4 o

MR é@ﬁﬁfﬁ%ﬁ MR A @ LGRS > BAVRE HIEFE cosh =
sing 4k o XM EegiE ST

P// fsintA//
v
cost
P’
S~ .-
Pyx-—______ JA/
, sint|\ -~
O cost A
[ &3} 8725]

4o [B 8-25] T » sh A P AT LAF$ g RiEgh) o AARF G
SR ETTHE P QREAET H MR (cost,sint) © B —F @ > MWILT R B
bR EE SR REATESZ FFARA T AOAP FH#E APAP &
Wt TR APAP" . BH o REGE v E O, O) O FA

vy, = —sint, v, =cost

BB ERERE REEE v IEZ

= icost e, + is’ tle
M P ¢ P

KUz =
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HPPAF T @R &g X

%cost:—sint, %sint:cost
. . d?
(£) G oimig 8o X =—p¢w%+3§)

LR AXAFES L4 o =rcosh, y=rsind AEBKIMETHE - 11 H
HRKELET

(w=10)

r = rcosf N T =71cosf) —rwsinf
y = rsinf Yy = 7sinf + rwcos @

i =7cosf —rw?cosfh — 2rwsinf — rwsinf
§j = Fsinf — rw?sin 0 + 2rw cos @ + rw cos f
B st
(i,4) = (F — rw?)(cos B, sin 0) + (27w + r&)(— sin @, cos )
W (W) %3l HFTEGEFTTIZES & (cosh,sinh) > A (27w + rw)
F%E 00 FRABTESmid —(—rw?+7) e
() FHARUCCHEGER (F—  FZBGEENHT)

2
%mwﬂﬁ%ﬁﬁ%ﬁ&miﬁ’ﬁmx%%mr%iﬂww>%

t2
TA—FE o St 69 AR S A2 Xy -

3%

1 a —ccosf

r b2
1 dr _c o 0
—ﬁ% = ESIH w
d 2
d_:; = —b%sin9r2w = — ;T;C sin 0
2mab

AEXAT (Z) rw= c RN AETENITEY » KITRTHRY

EaJufT$dz =
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. N » . 2mab
Bk 2w B—R 0 REBAE R ?o
d?r 2rac 038
- = w
dt? bT
N 7"2& _ 2mac 2mab 038
2 T T
—472%a? 0
= ¢ COS
T2
1 1 472a?b?
r?(—rw?) = —r¥w? = ——(r*w)?* = —— 7rTaz
r r
_ An*d® Anta® p
= - e + T C COS
d?r 4723
Ak 2| — 2y S =T
H st r [ rw” + dtZ} T3

(&) 17 E3 AR T AN

5 A4 i — e AT B KA 8 3] A 4 B EAT A 0k B Atk
XG5 BB A A EE EGEARKT HF
WFTEERMIAGERRKR » FHALEFET Tieir 2/ K %14k
AR R BT AR R ET TENARKKGRE 2SS 2454
Ptk B MR A G > e R 5 Mk > MR T M AR Mo de 3R B fF
A—ANR AT o £ B 6 HEE > 30Tt RREERAGHT AR Y
EA R R IER o BPiE £ 1684 - to 6945 & Halley (6% ) 5 %4 &
ROCAFOER I RBRE L& - BT 1686 F > AT RARIENT
ERFR B —AEERME B RO S MR AG RS - A %I R
— AR AN FTERG A RGBRELEHRENE T AR M o AR
F B 15 % Halley 2 7= F & 5 ey T4 » 3k 2 &£ RF (1687) H AR
AFEX (AR F149%F//RE) (Philosophiae Naturalis Principia
Mathematica) ©

A BPITALGIERARRETY - AL > AN E A -4
» BGYRER T HRGIUTHEEARRKAALTITELR -

SE A A % Halley 915 #4125 » 55 1685 4 » it AR5 X A TE A A4 e o
TGS E S YELEREHE ARG ETRWEE o

KUz =
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HTF—AKRDGR AR R RS RR LR o 2R AEFFHK
BEHRI— R ZAAERN » MILATRERAE » RO R Rxtie X
KA BEALRS s mZ (B 82689 P & (XA P At TRy R4t
FRE) o

dA

OP -OP = R?
AOPQ ~ NOQP'

[ B 826 ]
BRHEBREF—BER RO FBRAR OFBEA p> BRBEEA M =47R%p
IR A PR EA me ERAREREN — ] FER JAERAT P

85175 dF e BE w2 T OP &4 stk » dF # 4T OP 959 &k
stAR R dA BTAER AR » TAREHE R dF &2 OP @894 ¢

pdA -m
PO’

|dF|cosf = G cos f

EHAARBEOP Lt P 4845 OP-OP =R%2> A P Aot — /N3 4iz
K oA P iEGIAYHBEXELZRBOLENHEA doo
dA dA

PQ do
do

(B 827

EaJufT$dz =
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do [B 827) BT > dA Ao do LA — MR EHXF ¢
dA-COSszz-da
Hk > #AFSERT P& hshE

R

dA - cosf P'Q -do

|F| = > |dF| - cosf = Gmp———— =) Gmp—————
2 > _PQQ 5: 70’

Zda

2
fL-M:G%@
OP oP
B EREERT POARMETRLNET M AT T O Bl
F P WA o BATA A AN D ek o I E LA o

X 4,30 A& & Kepler 4’T£3\4'T/?4?é5 BIESARMAKIGES EFT T
A Al ) B — AR ANF R 43R o Esh & F M 69 A % E F Philosophiae
Naturalis Principia Mathematica P ATt B89 T L2 % c CL AR ZHK F
BHE LTS FMAR S AREN LA R AK s BIEFT R
B Ao kgAY

= Gmp

8.9 [ 4 MRA&HBA » &5 W&

(#l—] : AARBFTROEE KKK : £ §84 7 KAIVABRER £
Rk 4 A & 00 7 A K

I': Az® +2Bwy + Cy* + 2Dz +2Ey + F =0

E Al NFETRIE 5
A B D T
M=|B CEFE]|], u=\|y
D E F 1

MTEFRTHEREZHRS KT @R -

A B D x
I'u'Mu=(z y 1) B C E||y]=0
D EFJ \1

KUz =
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BT &

sy

/)

Eb ol AReEEGITFH LA E (transpose) » XA
A

&

%A BHESKNGIEL > B (A.B)T = BT . AT

(#]=] : A REAWEFT AR + 4T Ar®>+2Bary+Cy2+2Ds+2Ey+F =
04 —M4ERE > Pr,y) AT EAEESG — B o 0% BAT LT T &
Mksd P, AR F AT LS &

L Ax1x+2B(W) + gy + 2D (20 +2E(yJ;y1) +F=0
Pi(z1, 51
Ly
r
[ 828 ]

BANKRGEA—RRAETLZRABRATRORHE - AAKNZ KK
RETE R K X E > R LR F IR RKRGH LT :

TERR : R RAE D R dEB AL o AR AEMR AKX M T Fo
Ly T A9 3 5 &

I:u"Mu=0, L, :u/Mu=0

Ebul=(2y 9y 1) FT HE L AXRTPAR—A> ML AAT A
P ROMEBETR T HE L Z2VXT PP, AA:

T T2
P1(331,y1) wm =1y ), PZ(xZ,yz) U2 = | Yo
1 1

B wHE P, P, AT XL BFR
ulTMu1:0 R uQTMugzo

B &N ET P& L XL B u'Mu,=0-

EaJufT$dz =
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WMTAK L = PP, EMER—& P> M HEE S L H N\
B P = (O + (L= Mo dyr + (L= Nyo) o B P R4 Rk X :
v=u 4 (1 - MNuy > MA

v Mv
= (Auy + (1 = Nug)" M(Au; + (1 — Nuy)
= Mul'Mu; + M1 — Nul Muy + A1 — A)ud Mu; + (1 — \)?ul Mu,
=0
Fivh PREFNHATI L FRATELESELXAK L >  XAREZR
> I

i
[ ZaEgtbeg g 248 o k=T 0L 5 LA ATRRXT b B—
BB Ly 5 RT & P sk o

(#1=] : % PeT ™ B L wyMu=073RT & P 90

Pi(z1,y1)

L,
(B 829]

(MR L, 7h&d PRI T 8@ &AW Ly, Ly 940 2 Py, Py BT T8930 %
A% 4 [B 830 ATw o

KUz =
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ER AT B ER Ok Ly fr Ly 895 255 %
Ly:uyMu=0, Ls:u;Mu=0
BAH > mTAREAT Pi(r,y) & B
wuMu, =0 & uiMu =0
%4 & (transpose) & FP A
uMu, =0 A ulMuz=0
BHAB Py, P3 & Ly : ul Mu=0 <X ko

(Bl ] « L9 [B82] # 1A P ¢l 9 E—1 > BNERAEE L
(A 8-31] @15 » B Pi(ay,y1) £ T XA :

Ly

[ 8-31]

(R L, AR eE P 263 (4 [B 832 ATy Ly, Ly ) » £ &
:ﬁ%,é\'}:ﬂg&éﬁi,‘i ('ﬁa P27 P3§f> ﬁﬁ?ﬂﬁk‘(‘éﬁ,‘i% °
//LQ

[ B 8-32]
WA AT @t e
Ly 897 % :ul Mu=0
Ly 897 % :ul Mu=0

EaJufT$dz =
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‘ha—‘ LQ,Lg %I'Sf%li P1 ,‘}j\éljgg ’ EF

u, Mu; =0 & ujMu, =0
J‘FEP U?MUQZO R U{Mu;),zo ° ﬁﬁlo{ PQ, P3 %Jb’é"- L1 *‘(_Jl °
(2] B L @B FRNTAEE PR L% (4148) X4 : &8
P & BATT Ade T BB FAAMAE AT 26 L R 2 B EA Lo &A1
W A L@ R FERRNE Po EHB LT P 5 L 254K
[#& (pole) ] & T #& % (polar) ]
(%] 2 ) : Pascal £ 2 eysbRFEM + £ 6§86 F » KAVEA T JLAT
FHA R F kR R Pascal £ 0 PA —AR4ERE [ LERS
B {AI,AQ,A3;BI,BQ,B3} > o [Ig 8*]_]_] };)TTI: ’ /?\ P = AIBQ ﬂAgBl,
Q=A1BsNA3B;, R=AB;NA3By» M1EAH {P,Q R} = &£ o

WA RN AL REG T ERBRERAINTE o IHEMYTFL—%
R EREEBENMELORF LR =R XK ETRET
—HEERAASE S SROGRTTB LK - &

A1By: =0, AyBy:0;=0

AyBy:ly =0, A3By:l,=0

A3By 103 =0, A Bs:(l,=0

A F(k): by by b+ k-0 00y =0> M 5 3t THLGEK k> A, A,
As, By, By, By 35X A REZRWA F(k) XL mB Fk) &4 7
P,Q REZE o RHHBET HEHARAERK AT T ERELES
(2R CLN 84 {A, Ay, As; B, By, B3} LR ) » REBIE 569
k=Fko 1843 S stk Flk) XL FBFT 5 Flh) MXTES L&

A17A27A37BlaB2aB375 € FmF’(kO)

KUz =
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[ B 8-33]
WA D Z—ANESAG =R & > Fk) £— M= RS & — Mk
REMNREAAAANRE » RETAERZ Flhy) 9—NEX - 1 T K
MOMERECNAEFEIEEAT S » BT LR TRER F(ky) » BF
F(ko): (A2 +2Bxy + Cy* + 2Dz +2Ey + F) - (Lv + My + N) =0
AP QRHUFEDI I L TABIILREAELL L+ My+N =0
Z ks Pascal @ IE 5 o
L kwhk=0#BAE k=Fk > F(k) 8 Tit4 B 8

o

o

Kb

4] B &
Z 6
7 6

2
2
2

24 4

N TN
?4 %
BN >
-

A
U
..

o)
N
& N}

-6 4 2
-2

EaJufT$dz =
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