A A A A A A A A A A A A 2

e bR

MASUTE % B HE T T 3k

.20
Gl
KEKRFERARKMEARFEMNER; FHi, SRALBHEALENKEANBEEHE.

Nature uses only the longest threads to weave her patterns, so that each small piece of her fabric

reveals the organization of the entire tapestry.
—— IEE7E - 2 (Richard P. Feynman) | £EIERYIEHK | 1918 — 1988

input () REEZ—MRERALIE, BEIAFHFE str K8
int () BRAENA LY

math.factorial () T EE

numpy . cumprod () TTERITHERR

numpy . inner () WETEENNIR, REWMAARNFIRDERBEINERAKER
numpy.linalg.inv () &AM

numpy . linspace () FEREHERA, RE EE S KA
numpy.math.factorial () TE/E

numpy . random. seed () [EERAEUL £ s=F0 T

numpy . random.uniform() =AERKEELIEN T HIFEILEL
numpy.sum () A0

scipy.special.factorial () ITERIk
seaborn.heatmap () ZH|FE
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EARMEIR: So3RIR, IFINR, IESAKE

g 375

&% (multiplication) B X% 5 7L i @ #ETEEL (multiplicand) FNFEEL (multiplier), 7 i 2RI
(product), WE2. 17, FKzEFFEIETE (timessimultiplied by). 3€i%EZ (multiplication tables times
table) B F AL H I .

Multiplicand Multiplier

E2.1 sRRizE
E2 2R A S E TR 2 X 3=6.

E22 2 X3=6A&HMLENTIN

NABNNERFEEFS. REFS X BTHFEE, —BABTRIEEREFK. MAESMERE
FH, X 3R (cross productslvector product), &2 HBIN—[EE,

HEREP, FANEEIER, TINSab; XFDEERMIZETRIE (implied multiplication).
abth T LS g « b.

BE, AR « TNEEKTEE, RAIERZNES (decimal point) 'RiE. &MHEREF, a « b
FRaf b 6 B HIFRETR (scalar product), X EARZFEENBHANR. B S

ZR—E, RATERN, BARZBERESRM. Z70M61F, EARRBEK 2R HLE
Al m, HEREETMBERFHEE] X 1= 1388, MERERAFHTKm?), (it 28 ) —
E—LHEARSTCEI (unitless), WM. Z9E. 20 HthWiRES %] (standard Wit B 75
score), EMEEGTHI—MES, ZAKE M HERIHHNERRDWEENER. | B AR |

SRAMKAE BESCRANERL S

F2.1 FERMEXENXRIE

Two times three equals six.

B

Two multiplied by three equals six.
2X3=6 Two cross three equals six.
The product of two and three is six.

If you multiply two by three, you get six.

a times b equals c.

a multiplied by b equals c.
a-b=c

a dot b equals c.

The product of @ and b is c.

31



©

Bk3_Ch2_01.py5eiFM443kA. Python P AETR A * (asteriskSstar).

B

FEAEBHATE (factorial) BATB/NTEETIZENE BRI b, SHMTRICIES!, SN
FzEH
S1=5%x4x%x3x2x1 (2.1)
R, EXOHMTA =1, RBERINEZNEARSFTERE )T 4 S FNZ=ENRIT.

P

Python A 8] )\ Fmath.factorial(). scipy.special.factorial(). numpy.math.factorial() 1TZ¥3k. & 7 #
BVAZKIERR, Bk3_Ch2_02.py B & R ECK AR T

HilgRpl

SF—EETF, Fit3EfH (cumulative product) thIHRFAFEFH, FRMLERANNE— 1 FER,
RMEEAER— M RESINATER. b, BABIZNOCKEITRRERA

I, 2, 6, 24, 120, 720, 5040, 40320, 362880, 3628800 2.2)

XSTXSZEqugiiﬂ—éﬁé /\1\_1%E;}]

1x2x3x4x5x6=720
1x2x3%x4x5=120
1x2x3x4=24
—
1x2x3=6 (2.3)

I

1x2=2

—

1
1, 2, 3, 4, 5, 6, 7, 8§

©

Bk3_Ch2_03.py#) Anumpy.linspace(1, 10, 10) /=41 ~ 10X+ ERE, FA5F Anumpy.cumprod()
BRERK RIT3RIR . 1EAR B 7R W{61E Fnumpy.arange(), FF XM REERL ~ 10,

J

32

BRik

[&i% (division) Z23€EAYEIZE (reverse operation of multiplication). #E#%{ (dividendsinumerator)
[£LA (oversidivided by) [£%] (divisorgidenominator) S £ (quotient), E2.3ff7x.

Dividend Divisor
Numerator Denominator

E23 BRizHE



BrikzE AT ABRR (divisible), W6TLAB3RR (six is divisible by three). BR7EH RS EIFREL
(remainder), N7FR25%1. BRIRAVLEE R —MR S EL (fraction) /&L (decimal) SRFRIA, 1EWF2.2.
F2.2 BEEIRIE
BRI FLRIK
Six divided by three equals two.

6+3=2

If you divide six by three you get two.

Seven over two is three and the remainder is one.
7+2=3RIl Seven divided by two equals three with a remainder of one.

Seven divided by two equals three and the remainder is one.

Bk3_Ch2_04.pyE P MIHIBR AR, BIAsEHIERAT /.
Bk3_Ch2_05.py M BWfKE, KRFENZERFA %.

iyl

=& WA EL (fraction) 2 E 1B %L (common fractionssimple fraction), FI93E}F (denominator) F1
93F (numerator) 4858, 535 MEEDEEE (fraction bar) S IERHT (forward slash) /.
JEZEEE] (nonzero integer) aFfEIE] (reciprocal) 21/a. 7L bla BNEIEEa/b. av bR AH0.
RLIFZLGE T E B EHEIERIA,
£2.3 DEHEXEIRIE

RS B FA
One half
%, 1/2 A half
One over two
1:2 One to two
3 Minus three-halves
2 Negative three-halves
1 One over three
3 One third
One over four
One fourth
24
4 One quarter
One divided by four
1% One and one fourth
1/5 One fifth
3/5 Three fifths
1
—, 1/n One over n
n
aover b
a a divided by b
) a/b .
b The ratio of a to b

The numerator is a while the denominator is b

BoE R 33



:22 [AEREE: FEFRE. MEAA. FHR

X—FNA=MMEENEERZE: O tFEFRiE (scalar multiplication); @ EEMFH (inner
product); 3 FRIRFH (piecewise product).

Rk

REFREEET, MEREQENEREROE, BE T4
HREBFREAZEANREGE, BBakblh, «aNEG—PTEHSHER, WTEHFRE2RTOE
[1,2,3]

2x[1 2 3]=[2x1 2x2 2x3]=[2 4 6] 2.4)

17 [2x1] [2
2x|2|=|2x2|=|4 (2.5)
3] [2x3] |6

E2.4 iREFRE
E32, WREEREGANG R Z2FISEEAT— ) JtEHE, LW

123 2xI 2x2 2x3 2 4 6
2 = = (2.6)
4 5 6| . |2x4 2x5 2x6| . |8 10 12]

& ,\

Bk3_Ch2_06.py5e Al e EF4EFE R E TR %

B, TREFRFIEEU

B2 4F7R A irEIRE R A

R

EEMRIA (inner product) HNEERAIRE. @B NI UIRETR (scalar product) 5 S (dot
product).

MENRPNEEANE:. BNMREENEE, NNABTE——MEFREBERM. thiwn, Tt
ARMERRIR

@2 3] [® 9 2]-0<0+2x3+3x2=@+6+6=16 2.7

34



THTERDIIEBAR, .

—0(©)+2x0+3x1= 9+0+48=2 2.8)

E2.5fr A e B AR A A .

- (dot)

HEE «-HEN - B

E25 [RENRTERE
TR, EENRGEIZHEE (commutative), H

a-b=b-a (2.9)
16 8 AR EENNEFH RS EE (distributive over vector addition), B[l
a-(b+c)=a-b+a-c (2.10)
2R, BENIRNHCLESE (associative), BJ
(a-b)-c#a-(b-c) (2.11)
@ —

Bk3_Ch2_07.pyfRA% fnumpy.inner() 11 &7 EEAAER; B2, numpy.inner() REZNAL T 5
6] & RS 245 R 45K EFR (tensor product).

AN

>

L MEFIPREF DT, KERZEFTEZOQTER, BRESHE (BEAE) — M FRATHEANS, |

Ve éﬁ% I
TEZEJLMT, IERREFTIRERNAE.
SENTENET, B

L, 2,3 4, 5 (2.12)
ERANHTFHRM, TUABFERESE, A
[1 23 4 5] 1 1 1 1 1]=1x1+2x1+3x1+4x1+5x1=15 (2.13)

AU, [1, 1,1, 1, 1T 1A &,
EEMIFHEYE, T B EREE, &

[1 2 3 4 5] [1/5 1/5 1/5 1/5 1/5]=1x1/5+2x1/5+3x1/5+4x1/5+5x1/5=3 (2.14)

#2E Kb | (BFEEZH) | 35



HEAMFHFEAM, B

[1 2 3 4 5|1 2 3 4 5]=1x1+2x2+3x3+4x4+5x5=55 (2.15)
o, IREREREEN/LEORN. ABEEHENAXTERT. )
2B
iXINFA (piecewise product), 1 IHPAIAISFEFH (hadamard product). F-MERFLIRG & HIZR IR X
NEMBTED AR, ERABERNEE.
BRI ES N O, BIRAETEAREANHESE.
EABIF, A TEEETIRN
[1 2 3]o[4 5 6]=[1x4 2x5 3x6]=[4 10 18] (2.16)
E2.6FT~ A R BRI EREE.
HEN - HEN - EEE H-oH-B
F2.6 EEFRIUR
R, M MEFZIRNEERRE——RMIRER. EEFEIERE BN X F T RAER,
ERRAE, W
123 12 3] [ Ixl 2x2 3x3] [1 4 9 517
45 6MO -1 0 1], |4x(-1) 5x0 6x1| ~|-4 0 6], ol

Python™, XfFnumpy.array() EXHIFIRABE AOE ESFEME, FIAR T LUE * TERFE. 15X
KSHBK3 Ch2 08.py. £LZHEXENumPYy%, 155% (REFE) .

:23 1B mEEMNZEASEE RN
SRR R R BB R A, Y RS,
SERFRAMUTSAEEA “NATER” HEHH.
YEREARTE R
AT MEREARR AT R AR SH FE TS BV TSR AFIBESTAR— R SHEAB.
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AFIBF A FEFEMERABIEAE “ matrix boldface capital
A times matrix boldface capital B” = “the matrix product A
boldface capital A and boldface capital B” . B ABLD, BEAL, FRME
NumPyH, FMEMARMEES S @ SREH— | oOWF. Ltk RRRE—k
BHEHERABETA @ i, ABhiZHAQB: HATRERLZMRE, W AB # B4, )

C.xn = A.X.B.Xn = A.x. @B.m (2.18)
WER.TF7R, JEREARTERAmMT pFl, FEREBHITCAK ApiT. nBl. AMBIEFEEERC, CH
FRAmIT. nFl, HETHEETp.

c = A @ B

N HENN
N HENN
- o~ -
N HENN

P TOWS

L pxn
0 OO0y o
e OO0 e, 7
| p columns | o
E2.7 FEREIFEHN
BRI, JEERENREME. bR, —MER T IRAMz, Rl
Amxpoxn # BpanmXp (2.19)

e, BNFIBAHANTEIRTERLE. BER =0, HERBNIIEZETANTE, BAERD
RUBENETAB.

P 2 x 2 JHFFHIR

TE, BRAD2 X 2 ARG REZEHN .
RIEFFAMBARRGE R AFEREC, A

1 24 2 | ) 4 2
C=A4B= = @ (2.20)
3 443 1 3 4 3 1
Se———— S—— [S——
A B A B

2.8/ A P2 X 25EFEARRAITFEI M CNE— T &R,
HEFEANE— T TRELEBE—FIN N TR HIMR%, BEM, SERAEHFECHE—IT. £
ﬁ%cm"

SEREAR E— (T RGBS ~ SN ST EH SRR, B, Bl .

2T R | (HFEEE)

3/



B C
@ =

A
[24] 0]
Cl,l

1] e 2310

cl 2

1x2+2x1 =4

. H
|

x4+ 4ax3=24

CZ,I

EE °

C

E2.8 FERESREHN, P2 X 25EREARTRA f

R, fRRIIBERECHC, Fle, TR,
R, AFBRIRCH 1T H/FINT Ee, 2 FEIANE 17T E SIERBN /I BT E
FARE R

A
R NGBS AN B — AR A, A AR, R B, XA AL AR B )
FRIEF o FEAE « BT « YA (Jacques Philippe Marie Binet, 1786 — 1856) 3£ tE 2 )5, £ K Heh4 5 5%
VAT A MR FEEIE T CRARMAIER” o KR FOUR F RS AR — A, EEANK
RIS FEAMMH TR, BALET, RIDER FRBLRF T AREZA BN a9 24k

@

Bk3_Ch2_09.py/@& 7= a0{o] 5e i AEFE SRk .

38

HFERILEE

F29FTRGEH T E LN S TERRELS, 8—TSNE—REMEREEE. B2I99E55
= QR LR RA P A MFERERY “7)” FIAWERR “477 . BRES (GEENE) —MREFHAN
BER2IFG—TRIELS.

RXERAIREEAR, MFENEERESTE—TRRNR, IAAXLET 5B ROERARELS
e “FHOEDD” . XERARAIEL! ETWF ST, KRB 2 GMIEMRIFESH N
B,
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BEdbAELKTEE, aEE (a") FbAIRE, FNTatlbHitrEFR, Rl

a'b=a-b (2.21)
=M+
17 T[4 4
a'b=(2| @3 =[1 2 3] ,@|3| =16 (2.22)
3 2 2

FlE BaFkbELE (b"), FIRGERab"HT7ME, HERLRTHANIIHAERNER, B

T

1 4 1 4 3 2
ab" =|2| @[3 =2| @4 3 2],=|8 6 4 (2.23)
30, 12, 13 12 9 6
MRaFb7F I NERKTIEE, BFARKBIMITE'HNER:
. 4
a= , b=|3 (2.24)
22><1

3x1

A :
FoR3E: AL A numpy.armay() #i& @ F 8, nparray([1,2]) Mikeg R — 4, RAEFZEME, Mnp.armay([1,2]]) “
| mEATEEAR S T x 247EE, A—AMERER, EE, (HERE) FINRSHA. @F. EEFA.

&

nparray([[1],[2]]) #i&ed 2 —A2 x 13 &@F, LAMNEE, BEALPSLSE (EENE) *ﬂﬁﬁ%f&%;}@\
EATEI B AR B Tk

J

IEPESREE— R

— I EE RN E— N . W D
Pif 2 x2 HiFEHIR

FHRENE, GBEERRE X \WHIEE, dbERNFE, HUTIFER - b, RNT
BB (2.20) FASHFAT 6 Ba® 7l a®, EBSHAAFIEE b Fb, B

[1 2]
4] [2
A= B= (2.25)
[3 4] 3] [1
— =—
‘1) b by

a



XAFABFEFEFRAR T S i)

[ 2] b o2el| [ 2le|’
A@Biﬂ@@ Ej: [3 4]@% [3 4]@% :EZ lﬂ -

A

WHRLZIR, BT HEERELZMNASRTEE, ANNBERIIEE. K5, TEEMIEE
BELR, FEFRREMENTE.
R SRERGHT, TSN

A(@B:_[[l“I a|"2:|l><2 |:|:bl,l} |:[7|.2:| |
_|:a2,| az‘zlxz by 241 b, 21 |
© 2x1 ] e ambl a(Z)b2_2x2 (a(z))T b, (a(l] )T -b,

(2.27)

a

= (2.27) B2 RENELRN A, CHEERY

(ERBEH: a0 RATEE, b RIEE,
SRR TRIEHN o FREH: O RATOE, b AIIME.

W

FEFERIRABT, ZEFEFEARTEARAm X p, KIEFEASR—H E TNE&HATTE Ea®, F

A= (2.28)

H: f7e&8a” 518 0p, BIBEp I TE.
FERERIRABT, EWEMBHTERAp X nFl, KEMEBEMALHFIMNGIEE, B

B, =[b b, - b] (2.29)
He: JmEs 1780p, thBp TR,
AFBAESE, TR AL
0 a%, a%, - &
A,, @B, = a" [b, b, b = “(2:)”' o, “(2:)”" -C,,  (230)
a” » a”b, a"b, a"'p y

41



i

E12.10A77~ 4 ¥4 Bl (heatmap) o] AL FEFER X

[ N S S
[ Y N S

E2.10 FERESRAERR

BB NF7R, ATHARATEE o RABFHNEFIEOE b, [SEINRE"D, X RRRIEEC
REAT. BFITRC,,

¢ =a"b, (2.31)

R R R RARE— A

(=X Y T SN U R S R

E2.11 FBRESREE A

RAGSZHBK3 Ch2 10.pyHBk3 Ch2 10 AZB5MRAS B T4 #1&2.10,
A8 Fnumpy.random.uniform() &&= £ K EE LI DM BT, I Fseaborn.heatmap() %
HFE . HEX BRcolormapi'RdBu ', 'RAZLEHEE, BuEE, ' Mk “#iL” .

i %

tboh, FATE A StreamlitdlfE T RN A ZEMNAIApp, 1BEAKSHERID L Streamlit_
Bk3_Ch2_10.py. AR T A0 fE Atry-excepto

-

47



IEPESRIEE =M

TE. BNI—IERRANE NS,
P~ 2 x 2 JEFEHIR

T2 (2.20) A6, AFIBIETR, BAMFEEASHF 50 R, 1 a,, EENIEEBSLF T
a8 bV, Bl

[4 2]
A= H H B=| " (2.32)
BIEIRET I '
XHEABIRIRT LUBFFE A}
[4 2]
A\B_l 2 Tu_l 422 31_42 62_104233
@B- 3| |4 @[3 1]_3@[?.)4“4@[*\?1_12 61 112 4| |24 10 233)
a , a b: a @

HEXMAAT, RNRELIFEETRERAZN T “HE” !
ARSKREBLET, TUSR

By G |:b1‘1 b1’2:|lx2
A@B_H:a2~':|2x1 |:a2"2:|2><1‘||:|:b2‘1 bz.z:LXJ

) (2.34)
=|a, ¢12]lx2 {b(\”} = alb(‘) +a2b(2)
bk_ 2x1
[} 42 1)
KIaREA, SRR ERHZINGIEE, B
A,,=[a a - ap]w (2.35)
Hr: F@Eae TEZHE m, BTEAm.
KB, S ET&EBITEE, Rl
p
'
B,,=|". (2.36)
b(p)

g0E R 43
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Hp: f7EEb0 TEEE N, BFIE An.
TEFEATIEREBES R, AT ARITE plp > m X nFEfEAEH0, B

b(l)

(2.37)

mxn

p%
A, @Bpxn :|:al g ap:|lxp 5 :alb(l) +a2b(2)+--~apb(”) =C

p matrices with shape of mxn

b(P)
AT B b® NERIBESRC, FXIFAFBHIRIRCTINERC, (k=1,2, -+, p) ZH, B
ab" +ap? +-a b =C +C,+-+C, =C (2.38)

EEMJL%T %EIEE’]%%EESZTE:F%EIEE’] e XB2—MEREENNA, BIERFMI=R

i

E2.12f7~ % H R B2 1 TR FERE S £ 2 — M ARNHKAE. B2.120 =M ARERFERC,. G, C,
BIEEC.

+ c + c = c
1 1] 1
2 2 2
3 3 3
4 4 4
5 5 5
6 6 6
1 2 3 4 1 2 3 4 1 2 3 4

El2.12 FERESREE A
WER213f, MERAEXRE, HEETEREENER, 2HEEEN, REHRE7T 1Bz

ERRE. X (2.38) PR pRETSERMANEMEE. EERED, phE®EH HEX” , X
LT YRR .

- w3,

E2.13 ZIREREMEEIEECHRE




B2.14. E2.15. BR2.16ATRDBIER L M3k ER2. 1275 C . C,. CHIRE.

a
! | BRI (S
2 i NE) —HEBE
3 : RIKBAR,
4 i
5 | 5
6 | 6

12 3 1 2 3 4

E2.14 3KEBC,
a, @ b® = G

3 BEEl B [
31 3 L3
44 i 123 4 4
5 | 5-
6! | 6

12 3 1 2 3 4

E2.15 3k1EC,
& @ b = C,

I IR
2] 2 2]
;- I | B
41 1 2 3 4 4
5 54
6! 6

12 3 1 2 3 4

E2.16 IKEC,
MEHETULM— M ERENNR, JEEFRTOEFEKE T —BIH. kER AN
WFE2.14. E2.15. ER2.1659zE 2

&
|

AT BK3 Ch2 10.pyHBk3 Ch2 10 BER 442 HI[&2.12,

& —
ER939Hr (Principal Component Analysis, PCA) A8 ¥ SR EEARMFAEE ., XFE RS DIE

O R F T L AR R VBB L U AR M AB I EUR, FHRIEUR R A B4
E2.17%, XARBEE, X X,. XA HE—. E. E=T 0. REARGEEET

B F—ITHOBEBETRABBEREANER:; F_nNE—THREIREETFERANER,

DAl

V

#2028 Rl | (HFEH)| 45



FE217Kbr E R AT N BNEMREE —NA. EREDSE (JEFENE) (FITERE)D <<%§§ZA
EAE) ZABRURERABNBEZ AT

(FEFEDE) RMFEED M. =E). MUEUBHBEPCA; (FITER) KBMAEIE. O
B 208 A ERERE. MRAMRBGEFX LG ARITRPCARERAREL 2 BHER; (K
BAE) WE MBIl SE B T APCADITEIE, FEAPCALE RAATEIFNHT.

X X, X, X,

N

=T

E2.17 ABEEARZINEIMLS O

526 IEPERRIE: ITEIEER

46

PR, FARTFAEFIBOERERE. FTBEMBLRINERA, bR L RGERALHR A IERE
A, REITEBIMAEREA5EAR, RD
BA'=B@ A (2.39)
ANERE]IE (invertible), NN KAK T B FAREAFEE TR
AA ' =AA=1 (2.40)

A IEREFEARYIEFEE (the inverse of matrix 4).
0 (2.40) R BT SN AL B FERE (identity matrix). nPYER{EEFE (n-square identity matrix
S n-square unit matrix) F4F BN AL FRITTE AL, HAho, B

0
01 --- 0

Lon = 8 %o 8 (2.41)
00 1

FA179T A Fnumpy.linalg.inv() TH5 77 B
12, 18R~ A T5 B AR FERE A MR SRS B S AL BRI R E] .




@ A
AEE PR
ARG BB
—0.23 0.44 —0.19[§RH B, 3
1.39 0.88 M USRS
Bl o B4 17 3]
1.28 —1.29 —1.24 1548 ,
E2.18 FFEAFNMIEREAHE5R
—ﬂﬁ"\%>ﬂu ﬁ
(A+B) A"+ B (2.42)
BARFOTE TS A X ERN
AT =(4)
(2.43)

(

(AB) '=B'A"
(ABC)'=C"'B 4"
(

k) =14
k

Hr. {Bi%A. B. C. ABNABCZEE4E, BARETO.

248G WAFEAR RN T LERIA
R2.4 FIEFEFEXHIELRE

Inverse of the matrix boldface capital A.

-1
A Matrix boldface capital A inverse.
A+ By Left parenthesis bold face capital A plus boldface capital B right parenthesis superscript minus one.
Inverse of the matrix sum boldface capital A plus boldface capital B.
4By Left parenthesis boldface capital A times boldface capital B right parenthesis superscript minus one.
Inverse of the matrix product boldface capital 4 and boldface capital B.
ABC™' The product boldface capital A boldface capital B and boldface capital C inverse.

@ —
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WRFEX—F, RRWEERENNEZ—KBNK, HRABE—TEU—RICEE!
FERNEATA. BEEBANTEQRE—HF, BBEARERNE TR, o, BRRIFREAR

EHEEEANRE “THOZIN . BH, AREESRIRFIFERFRENHATH .

$2% b | (HFEH)| 4/






Geometry

Ji{g

FhRZEFWERRRE R, L2 X REXHRHE

o

TR, ANHT.

Let no one destitute of geometry enter my doors.
— AR (Plato) | ARG R | 424/423B.C.— 348/347 B.C.
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NiT&iEe: RiEXil, RRES

ZEARERML, JUOBENZAEALERT, £ A, BRRNZAETHN. BHINEEE
FEFENLEARE, KROUAETHETREES. ERABRERNYE, BER—ERTHEI
BNV TR gt RV, ENOKE, BUERT, JLALAARTE. FNLEHRE - FEE
(Johannes Kepler, 1571 — 1630) fi5: “EBNEY RN, stE/LE. 7

BRAERIZA SR, AKFESWEATLEAMIR, LEES. Nathf., HEER. 1TER
R, EBEFE. BITTE., $IEE®R. TZ2ER - TANRBEIXMEHFTE.

WEB.AR, JUEfTREM L. AHEE, BEEZSFHREETHNE. HHKRE, B
THEX TIEDTAR R ERREDAERK, BRRKEEORE T IR A EH AR,

AEBFHERAENEREFLE . VLANBITENEFEILELHMNAE, UEER
XL, TEER. —ARKENEIREARSE. M TERN/LEEAE, NeRKERE LN E
RBAEFA= AR RME THER. HREAJUTERNEE N S5 ER S m AN RIREEE.

THhER, FEHREENHFLE — (WEER) NE—FEAH “HH” . X—ZZHEB
PS8 A6, R ETEK AR, =BF. 8. BESEXLAERNETR, WNE3.2A7R.

RS
R ETENFE AN -E

4

E3.1  BFMIAR AR 32 (EEK) E—ZHE
JUTHHEKXN KRB THARE. A5 ACNE T JL{Tgeometron (L #1594 geometry) X

s “geo” AEFFEIBER “RH” IRE, “metron” MEERZ “MWE” .

AhERE, O2ZESEEN. LOSBERLELZHNEE—1IRE. BER, PRESR]
AZEXAE: “NELEE, NFAR. ” B33 EFEIVTLENEM EEEZNEER,
MEERRAEMERBER. ERTENE, PEENHKRILFAFERE. HNE. TELZ
=, BRERRB—IHR. RASBEHEHES AUFITHEMER.

500s B.C. 400s B.C. 300s B.C. 200s B.C.

NITETZI3005E, BRJLE
BeMETER (JLEER)

=8 TEHLIR BILER
NSV e Py £ K1
LT TELZE BRI E

B33 EAMR LIRS )%

$3E LT

o1



02

R JL 245 (Euclid)
HHEBHFER | HAITHI330 — ATHI275
WRRAIMZ A, M JLAEAR) EREARREENFLZE

EHEBHER TR BAYERLES (Buclid), MEZE (JUTFREA) (The Elements) B X E11&
JUEARS— R S

ki, RULER (JLERA) BREMNAXDNSE FHEAL. ¥BERAANEEHR SR, B
Z—. (JUIERAK) FEITE, S NTENHEE, FEHFTERAL,

EHRBRILIF L BB TEMEF 1%, TR EFENERMREIIRBEER T 7E
JUaEER> F, MRENALZBELANT RHIEFER—UER T, XET—ZENERAL.

Rz “TUE” —RBAT (JUERA) NEE, WEB34FR. 16076, BARBZEREGEEMNE
RIMEHLFIIBE (Matteo Ricei) HEFIFZM T (JUTRAY BIAZE, WE3SHR.

E 7 EE L7 ‘K7 “HE” ‘A7 EREFRER. LA —EINBEFEEE
o, ZFB Bgeo, M “JLE” ZFHPXXE “A/NOE” HEX. (LEEKR) ILFRENAE
A “JUa” X—REIER, tbwm: “jo. JHEIL@? 7

:

B34  (JUITERR) 15S7T0FEREEFNTR B35S (REENR) (China llustrata) PR R IBEAEIE S

HEEEREARNZES, PIEKE (Archimedes) BT 7 RBEXMN—E. WNEB.6/ixr, FIENXE
FIRBRRNEE ZMFMBEIMIEZ L, HERERAE223/71F022/728), B13.140845F013.142857 /8],

E3.6 BEFERFEMMIEMN. E/N. E+N0F



FTE K& (Archimedes)
HREHER, WEER | ATTRI287 — ATTHI212
BERRIENZEZR, REREE

NICEI2125E, FIEXREARZHE SENKER, MEEHOFR/LEEE. T EEEFAMm
R, FEXBEAFJIFXLERNRERZE, “FIFELENE" . B2, PLEIEAERRRTELEDIE L
FLETERE, FERIE T PR KR,

IS EGMAERZ . thal, FAEN=AKRE, HEEHFFIEHITHMERE (Eratosthenes)
HEH THXER: FFHND, R4 (T KBAXEEHNRFER, HRITILKMEES. W,
HRB (VHWAHE), BRNIEHTHEXANE T —MAEZTHKE. MBAENSEMEFHK
&, BRNEHSEITESREI.THARA0 = 7°, halRAFBR SR B 4 BN EKE E #I7/360,
BN RIG I MIEABE S, NMfhEE 73k EK, #MmitEEMIKEAKE39,690 kmE|
46,620 kmz 8], 1REXH2%.

FE#)ZE (Claudius Ptolemy) EZI1S0FECIHEL T (RLFEKRA) (dimagest). XARB I LI R IE
THRRERXENESKYE, cthEHFR/LABHERCFNENESR. FTHBRLEIARR, &
AR #EE IO (geocentric model)——HhER v FFEH L, BEAE), EfEIkizs), WE3.8
Fme AN, (RCFRADY RGEHRTAKDE FE—NREFETN=AREEK.

$£43 (Claudius Ptolemy)
FREEER, RXF | ATH100 — ATTH170
BME (RXFEKXRY , RERHMOH

e

[ 4k 252 KF %8,
9F BB NS,

A, BN OCTEREERLENER, FEBEARKE—T
WHEZTE, HEISHR (Nicolaus Copernicus, 1473 — 1543) M2 A KR
RERER. FEANBAHEFELARNESEHRLMR, FEHRETHEES
FN=EE.

Shadow

/ -
// ///H
0 - 4
/X//
Y
///

Center of earth
E3.7 BN FEEMERITEIKE BRI LR

$3E LT
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EBZ RERGEE, xRk, HaIRF

o4

REIRE, GEiRE, BEIE—REARNXOIEEREE. RRBEE, 424 B
T8, REZH, WEBIFR. B, ARFERT, DA ESHRESFEN.

volume

three-dimensional

two-dimensional

|
\
|
[
|
\
\
\
\
. . . . JENESESE
zero-dimensional one-dimensional 5 -
p
P
O —

moving points moving lines moving planes
generate lines generate planes generate volumes

B39 mEifitk, &ahplm, mEEiR

FRAEZEN—MME, RASREKE. BREF/LAEM.

B EEEB AT, B30/ A WA LR S ——Iifxs (endpoint). FRES (midpoint).
£ (initial point). #2g3 (terminal point). [E(» (center). ¥ (point of tangency). I (vertex). 3253
(point of intersection), F1 M 2 [B] AL EL K E IHEEE (distance).

endpoint endpoint initial point  terminal point .
point of
>HH< /< tangency
midpoint
point of
intersection
vertex

E3.10 JLAMS

57

WMEB117R, BEZ (line) ;BN EITCPRIE(H (extends in both directions without end), ;ZHiRE
(has no endpoints).

8348 (raySihalf-line) FFEA T —im ., UB—" A B LRIEM.




% E5 (line segment) B & MNims (endpoint).

[E (vector) N Z2H 77 @ AVEEL .

LB BEBKE (length) XFJLEMR, BE2%6 BIRIXFMER,

BTESHFR, KX TP HIKTEL (horizontal line). $1£E (oblique line) FIURE L (vertical line).

E3. IR B 7 HAB LA Z: . i3 (edge). HHZE (curvesfcurved line). E&%% (contour line). ;%4
(normal line) tJ1£% (tangent line). ZlZE (secant line) &5

line ray line segment

<~

oblique line

horizontal line
—_— vertical line

contour line

. skew lines
normal line

|

|

) |

secant line [

e ) B 7
tangent line

3.1 JLF

HFHELE, 5% B BNOFMEIER: F1T (parallel). #H3Z (intersecting). EEE (perpendicular)
MEA (coinciding), FNE3.12Ff7R.

P FATE DUCTE L // 1, (3%AFline [ sub one is parallel to the line / sub two). /532 F =.PoT A
& “line I sub one intersects the line / sub two at point capital P” . FEEEE I PULIEL L1, (1%1Eline [ sub
one is perpendicular to the line / sub two). —#EZ (8], WLE LA O UG A REZ (skew line).

WE3 137, TR S BRI AR E!, WSLE (solid lineSicontinuous line). #HECEE
(heavy solid lineS{continuous thick line). FEEZE (dotted line). #ZIE|ZE (dashed line). FEIZ% (dash-dotted
line) %

parallel intersecting
—_— I, %
- P
L ———— solid line
perpendicular coinciding —— continuous thick line —————— continuous thin line
AN zigzag line AU\ wavy line
I, b emeeeeeea dashed line e dotted line
L —— == dash-dotted line -——— center line
E3.12 FEEFMHFLENAR F3.13  JLMZaoRE=

#3E U | (HEE=)| 55



BLRAGHI A B

E JUERAY &, RLESRBUTENAE, WE3B.14577R.

«ERARTNBE—%E%:

ERGRE I U LRE RN — KBS

CHERRLR, MUZEBRAFEZE. —DwmRARD, TUE—NE;

«FEEAWHES;

«FEERE=LBEME, WREBUANAZINTFRNEAZHM, WREEZENSTEZMER.

/O\ _
]
. \Q/ o+ <180

E3.14 HJLEFBRENANLEAE

UENAEA R, MILEBS—IHETRETIFFARE. BEFERLEE, BNERILESIL
AR N, MERERLEAE, WHEAERILEGLARR. BE—ROR, ERJLERUTHH
RE JUTAHZRIIBA AN ILRE T HF TR,

IEZE

IE%LE’ (regular polygonS) ZE'ELJ&#H”E’] ik, F2hERNBEES, MEISHR. FIVEE

AQ@OO

(a) equilateral triangle; (b) square; (c) pentagon; (d) hexagon; (e) heptagon; (f) octagon
E3.15 ANEZBE

& ,\

Bk3_Ch3 01.pyZ2HIE3.15FH 9NN IF Ziafe.
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=)Lk

E3.16F~A T =4 LK, SR ZE: IEBKAZ (sphere). [E#E(K (cylinder). [E#E (cone).
& (cone frustum). IESF{R/IEZSEF (cube). 1A (cuboid). F4T75MEIAR (parallelepiped). PUE
& (square pyramid frustum). PU#EHE (square-based pyramid). =& (triangle-based pyramid). =&
#F (triangular prism). PUE{A (tetrahedron). J\ME{F (octahedron). F#EHE (pentagonal prism). 754
(hexagonal prism) 1T 1% (pentagonal pyramid).

—

sphere cylinder cone cone frustum

| | -
1 I
| |
| |
| |
| |
| |
ST T T I — ST T -
~ ~
< ~

cube cuboid parallelepiped square pyramid frustum

\
\
\
\
\
\ \
r—==
/ /
/ 4
/ 4

square-based pyramid triangle -based pyramid triangular prism tetrahedron

|
s T~ - \
7/
/
Z

octahedron pentagonal prism hexagonal prism pentagonal pyramid
E3.16 B =LK
HHIESZ{F (Platonic solid), XFIEZHIK. F3 1T ARNESHK, BIEIENEEK

(tetrahedron). IE/54K. IEZSHEIAF (cube). IE/\EA (octahedron). IE+ A (dodecahedron) F1IE—+
EF (icosahedron).

N
N
N
N
11
| |
|
|
- —
/ /
/
/
\
\
\
-
|
T
|
|
N\
7

B3E U | (BFEE)

o/



o8

FZAEENE L%, YAIEZIBR (regular polygons). EI3.18F7~AHNIE L EHIKEFSE
T EEFE. &304 7 HNIESEERNEHIEFE.

(a) tetrahedron (b) cube (c) octahedron
(d) dodecahedron (e) icosahedron

& B9

K3.17 ANIEZEIA

AN T

& 8y @

VAVAVAVAVAN
\VAVAVAVAVAN

VVVVV

E3.18 AN IEZEERASENTFEREY

3.1 EZEEHIFFE

EZEF T h# T BRIk
Tetrahedron 4 6 4 Equilateral triangle
Cube 8 12 6 Square
Octahedron 6 12 8 Equilateral triangle
Dodecahedron 20 30 12 Pentagon
Icosahedron 12 30 20 Equilateral triangle
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