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10.1 A& (Vector Product)

TEE 10.1.1. HFAE a = (a1, a2, a3), b = (b1, by, b3), All a B b f95M&E (BXFA cross product.
=& vector product) £

ik
axb= a; ag asz | = <CL2b3 — agbg, a3b1 — CL1b3, a1b2 — CL261>.

by by b3

£ 10.1.2. (1) EME a= (a1, as,a3),b = (by, by, b3), Hl a # b AT (inner product, 5
BhTE dot product. ##EHE scalar product) £

a-b= albl + agbg + a3b3.

(2) i=(1,0,0), j =(0,1,0), k = (0,0,1) SHIBTE x. y. -# LNEMHE, HEE T
o ixj=k jxk=i kxi=j.

5l 10.1.3. a=(1,3,4),b = (2,7, -5), K ax b,

& 10.1.4. (1) ax a=0,Vac R,

(2) ax b f a,b FH,

(3) £ 0 & af b ZRIKA (0<60 <), 8l |axb|=a|/bsinb,

(4) ax b WEER a &k b FiiREE FTY2FHERE.

(5) & a,b#0, Hl a B b FTHFREBRAES ax b =0,

121
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10 E [E 10.1 mEE

(6) & a,b BEHHHNIEZRE, & a,b ~F(T, fll a,b RE—FTH E, BETHEHWEMERE
n Al45E

axb axb
n— =
laxb| |a||b|sinf’

M a,b,axb B a, b nihAEMmES FER (right-hand rule).
HakRbFT Hlaxb=0;FakbHE—-EBE Haxb=0,

Bl 10.1.5. (a) & B B&HE P(1,4,6). Q(—2,—5,—1). R(1,—1,1) FH, kR—HEEER
EO

(b) KL P,Q, R BIaEZ = A HME,
45 10.1.6. ¥ a,b,c c R® c € R.

1) axb=-bx a,

2) (ca) xb=c(axb)=ax(cb)

(
(
(3) ax(b+c)=axb+axc
(4) (a+b)xc=axc+bxc
(

)
)
)
)
)
)

5) a-(bxc)=(axb)-co

a
(6) a
& 10.1.7. (1) 4R ERHE,

(2) HEBRERESE, B (axb) xc Kk ax(bxc) RREHE,

EE 10.1.8. (1) [A& a,b,c ZME=EM (sclar triple product) E&EFR

X (bxc)=(c-a)b—(b-a)c

ap as as
by by b3 |

C1 Cy C3

a-(bxc)=

(2) ax (bxc) ¥ a,b,c YAE=EM (vector triple product),

PEEE 10.1.9. $IE=ERAEBEE [a- (b x ¢)| £ a, b, ¢ FIEZ FIFAH RSB,

# 10.1.10. kK a= (1,2, —1),b = (-2,0,3) &k c = (0,7, —4) ARz F{T/HEHEH,
5l 10.1.11. B a = (1,4, -7),b = (2, —1,4),c = (0, -9, 18) BHFH (coplanar).

EE 10.1.12. L7 F fERR—Y8E L, HBSZERE IR ER v, YRS EE AR 7
M (B, torque) EEB 7 =1 x F, HX/IS |r x F| = |r||F|sin 0,

B 10.1.13. &, X 0.25m RAYRFeEiRsh, fERA1E 40N, AR 0 = 75°, KiFEHHZHRY
TIHERN
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10.2 #mEkZ=ZKHHHE (Cylinders and Quadratic surfaces)

Bl 10.2.1. F#w TIIEHAEAZEL:

r+y+z=1
(15) { y—2x =0,

2 2 2 __
(16) {x +y?+22=1
r+y=1,

E]
EE 10.2.2. (1) fa—Z=HrPryihE S, M—EEEmATHFEE S BRKE, BRI E

Ml (trace or cross-section).

(2) FEZEEHE—FHEHEKE C, BERHRE (generating curve)s BIE—TEZXTH LVER L,
B ruling, KILER 1BF C TTBRERAEIMHEBSEHEE (cylinder).

Bl 10.2.3. 7 z2-FEEBE—#R C : g(z,2) = ¢, BT y-#iZ BN E C BEFEs S
, AERE g(x,2) = ¢

5l 10.2.4. BT B2 EAR, WERYR y = 22, 2 = 0 BE) , BBz AEASMA?
51 10.2.5. DA RAEE:

(1)Z—ZE20
(2) *+y* =1
By +2*=1
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JrEETH

Bl 10.2.6. £ zy-FHEEE—#K f(r,y) = 0, HHE iR AEREENAERS
flz,/y? + 22) =0,

Bl 10.2.7. 8 y = 22(z > 0) #8 o-WHEH TS FelE SRR S
— RN

EE 10.2.8. Z_KABRAE A2’ + By* + C2+ Doy +Eyz+ Foz+Gr+Hy+1z+J =0
Z BT RES —REHE (quadric surface),

£ 10.2.9. (1) #REEE RS ELRR ) — Rl 24 m] g s DU T AR e AL
(a)
(b)

(2) HERAEE T &8

(a) 2_2 + l;_j + i_j = 1 Bk @ (Ellipsoid).

A + By +C22+d=0,d =0 5 1,

Ar? + By?* + 2 = 0,

(i) #& a = b, EEMHERIEEH ,
(ii) & a =b=c, ERIKMHE,
(b) 2_2 + ?;—2 — i—Q =1 B#¥%d@ (Hyperboloid of one sheet),

() - % — 4L + 4 =1 B%9¥E%w@ (Hyperboloid of two sheets),
(d) % + y—2 Z Bsk@ (Cone)o % a = b, AIBEEE,
(e) &+ % =2 RimsEYeth@ (Elliptic paraboloid),

(f) & — b—2 = Z B dity@ (Hyperbolic paraboloid), X#¥#@ (saddle), REEE ¥
(saddle pomt)

B 10.2.10. FAPIETLAT B afEhmE?
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10.3  FE AR IK A AR (Cylindrical and Spherical Coordinates)

ERE
E&E 10.3.1. EHFE—8 P i94m@ 4R (cylindrical coordinate system) £ [r, 6, z], H:
(1) [r,0] B P 7 zy-FHEHZEE (v,y) WBEE B r >0,0<60 <27
(2) z BBEAEEL 2
5 10.3.2. (1) P WEAFERE (v, v, 2) BEMAEERE [r,0, 2] KBRS

x =1cost

y =rsind

z=2z
194

r? =2 +y? tanf =

(2) FEAEEEES, r = c BU -#RH, $ER ¢ ZEHH;
REER 2 Bz FH,

1 10.3.3. (1) MEHEEEE [2,25,1], 4, -, 5] FoRZ 8, MREEAEIE,
(2) HEEAEEAZ (3,-3,7), (0,2, —3) B iR,
% 10.3.4. #MHEEELER 2 =r, 2 =rcosl, r = 2cos FrEHEZ HEEE.

=c BEE : MIZPFH; 2 =c

r=z 0 = e P
51 10.3.5. HAEEEESER { s =1+ rcost, { 2 2o, PUERZMARETT.
ER T FE AT

EE 10.3.6. ZEHFE—8 P 2@ @4%(spherical coordinate) 5 [p, ¢, 0], HH

(1) p B P SRk FERE,

(2) ¢ B OP HIE -85 (0 < ¢ < 1),

(3) 6 BAEHEEEN 0 (0< 6 < 27),

5 10.3.7. (1) HEEEE r = psing, T P WEAEE (1,y, 2) EEREEE [p,0,0] 1

B PR
x =rcost = psin¢cosl
y =rsinf = psin¢sinf
2 = pcoso

Pk

pPr=at+yt+ 2 =r" 425

r=+/x>+y? = psing
tan ¢ = L = VIV

z
tanf =

8 I@N 13
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(2) FERREEEREH, p = ¢ BB ¢ WEKE; ¢ = ¢ B—2HH; 0 = c B—LTH.
B 10.3.8. (1) BEKEEBER [2,7, 7] 28, tKILE AL,
(2) —BEZBEAEES (0,2v3,-2),(1,1,V/2), REIKEEE,
il 10.3.9. KBk 2% + ¢* + (2 — 1)? = 1 ZEREEEHER.
il 10.3.10. K¥EH 2 = /22 + y? ZIREEEHER,

10.4 #hE= (Topology)

EE 10.4.1. (1) —2 P € R" K4k (neighbourhood) B2&#& B.(P) = {Q € R™ :
dP,Q) <r}.%n=1, B(P) BHEM (open interval); & n = 2, B,(P) B
(open disk); & n = 3, B.(P) B (open ball),

£6 S HEE-HITE—-HBEEE S 4, AlE S BHE (open set),
3) S Wk%E (complement) S¢ BFIE B S ZEMKZES
HERE S° REEE, Al S RPAE (closed set)o

(2) &
(3)
(4)
(5) % P BWAKERS (boundary point), # P WF—EMEFEE S K S¢ 28,
(6)
(7)
(8)

4

6) B P MBEMAE (interior point), & P € S, HRZ S &R E.
7) B P HBEMINE (exterior point), B P € S¢, HNE S HE25E,

8) S KR bdry( ) &S B’Jéﬁ?ﬁﬁﬁ}ﬁzﬁﬁxm, S HIAR int(S) =S FNEFTERIES; S B
ISR ext(S) & S KIS BRI

MrESREE, 126





