math/math-301a.tex 1 R LT

N7 PVEERDBEL (gradient). [AI#R (rotation) & FEHY (divergent)

1 RIERILEITH

DFEETIE. AKXFOERK a, KHIZLT d,d HE2VERVAXF A LT5HDRL,

N2 bV (vector) D
A= (Aza Aya Az)

N7 MVOREGT % 2K, 3RTTEERS 2,3, BT v, y, 2 BEEZOPWV, T = (a1,a2,a3),
aj

BELT B, BRZ IV IZDEIIT I, MR ML LTINS @ = |ay| ET2ILdH 5,

as
aip  aiz2 - Qi
1781 (matrix) {ERCF %2 WV B3 (element) Z/NXFIZL Tomxn BTIE A = dar et
am1 Am2 Amn
ETBN, ETHTOREREPOLIFEIETH S I LITHERT %,
1.1 NI MILOFHE
3RITZEM N2 b L R3 T
(l) 7J[l(£ ("‘) : (—l>+ _b> = (al,a2,a3) + (bl,bg,bg) = (a1 + bl,ag + bz,ag -‘rbg)
(11) AHT— A ﬁ‘jzl /\6’ = ()\al,)\ag,/\ag)
1.2 HhR. BHEIDORT
B RIX=&t bbb =7+ bt, Thbb (
a+ *tl + ctg7 rank 7;7

T $1(ﬁ)
e il T=70) < |z | = |22t

)
X3 J)3(t)
BT T O E THUE, R (BRI b V) 2RE S,
dxy x4 (t)
dZ =2/ (t)dt & | dag | = | 2h(t) | dt
dxs x5(t)
1 z1(t1,t2)
o Ml ; 2ME T R =K ty,t, OBIBE LT T =7(t1,t2) & | x| = | 22(tr,t2) | THEZDH. &
T3 x3(t1,t2)
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WO (= 1,2,3) 2T ¥ don = 0dty + ity TH BB, Tk
oty Ot
gy 0wy Oy 9y
ot ot Ot ot
gzl _ 3:512 8:1022 dt;\ 8x12 b+ (%22 dt
de N 61&1 8lf2 dt2 N 8t1 ! 6t2 2
3 Orsz Oxs % Ox3
81&1 6t2 oty atQ
. dTr
X&éoit®1\3x2@®V3€ﬁﬂE%%%%m\
- d7 o7 or
dx = E dt = 6t1 dtl + %dtg

YARRED, TIT R (t,f) OERTH B0, KAWL, ZOREETE (HEICHET 2
FHOFER) 2RT, 2L, Yab oI 2 35, FHRERED1E. 2HO—XMAr
BARZ PAEGEHTRTREZ SRV, CAEMES VAR, oM THEERZHITER
W, ZOXIRAERESL IR, o timicwS b, FHEZEMO XY X R TERE HTIED
B, FRESICS L LTHTERVEASH B, WHZEHTH 20X BBARET 5, £ THELD

Oxy 8351

R o oh
é%ﬁﬁ?ét@KMMm%§:mw %ﬁ gz =9 PR LU B,

Oxs Oxs

oty Oty

1.3 RA5-i5. RIS

SRITZEMINY A D %E T = (21,20, 73) €R? ¥ F 5, ;0)'5@.5(1145117_%5@ [(@) = f(x1,22,23) :
xlax27 3)
R3 — Rl %Xj]i"i%t J:U\ ~7 ]‘/I/i%ZCi f(?) = f($1,3727.%‘3) = 1‘1,.132, 3) R3 d R3
(El,xg,l'g)
j‘éo

LIFClE R ORZ FLZoWT, EH (= LBV THRT L) LBIGR (= 2D oo b)) oFtus
BARE S,

1 0 0 T
R3 OFEANRT bL (BHERK); 67 = [0],e2:=[1],e3:= 0] . THRX T = |2y | = 2167 +
0 0 1 T3

1965 + 1383 (FRBOAD I G HDOW). /Wb (N7 MLVOKREZ) 2IF||T] = V27 +23 +23 &R
T HohHE, 175 KAIT 2201, 2EMHRE L TWEA, —ADEAED K SHVWLR S, 2 KIEHTTHI

- b Sy ) Ay — Ay
DFFFIR (determinant) i | d:Z ZpHM—MT%D\SKﬁﬂﬂ@\%t®ﬁﬂ®%%ﬁﬂK%b
&
L THADEEITETDH 5,
ar b o a; a2 as
as by co| = b1 by b3| = aibacs + asbsey + asbics — ajbsca — asbics — asbacy
as bg C3 C1 C2 C3
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2T 3EDMNE {1,2,3} ICBAL T e EFES,2 S, Bt (1L 1 HoMEE 2EZ528) ITkD,

Z DFFEEL sgn (signature OWE) I3MEKEZ 75 X, FEIZ~ 4 F 2L LTsgn(l,2,3) = sgn(2,3,1) =

sgn(3,1,2) := +1, sgn(1,3,2) =sgn(2,1,3) =sgn(3,2,1) := -1 B, A T v 7 RIZHRN D,
TH D BRI & LT 3 REHTTHITIE

ar b1 c
az by ca2| = aibacz + asbzcy + azbicy — arbzcy — asbicy — azbacy
a3 bz c3
= al(bzc3 - 5362) - CLQ(b103 - 5301) + 03(5102 - b201)
—a b2 Co —ay b1 C1 +CL3 b1 C1
bz c3 bs c3 by ¢

RUIMILVORE (RH 77—, Fy M), 28D LS5 IXHhvardbbnizh, 30 4 K Gl
DOWAETEEILHAVWDS) 2S5, @#EOEEZK T IS, Fy FERIZVEEDIZ W,

(6’, _b)) = (_7:6) = a1b1 + azbg + a3b3

RN PLOANR (N7 PE, 7 a2 M) s IBEORS 2205, 207 0RRE (X) IZEKBTERW,

az by
b
- aq bl a2b3 — agbg @3 a1 2 bl
axb= ag X b2 = (—1) (a1b3 — a3b1) = (71) as b3
as b3 a1b2 — a2b1 a1 b1
ag b2

(E] (1) N2 FADOL BfEE 0 LT 5L, WHEOMEE 7.0 = cosf||T][| D] TRD BN, hIE=MAI
DRLEIE LT,

(i) SMEIE @ x b IE220DRZ FALELEL, (@ % 5).8=0,(@x 0).b =0T/ ALZ||dx bl =
27| sind &723,

(iii) / VADFEIE, 2007 M SIESN S AT ORRE k5, Thbb,

1@ x B2 = |22 T]2sin20 = [|@)2) 51 - cos )
= (af + a3 + a3)(b] + b3 + b3) — (a1b1 + azbs + asbs)?
= (agbs — azb2)? + (agby — a1b3)? + (arby — azby)?

2
ap a2
b1 by

2
as ai
by by

2
az as
by b3

(iv) PIRIIE “SERR3 OBE” IC3RHH 3.0 = 0.3 2D ods, BER C3 TIldERIcIdfbs 12
EERZ LB WEDT, PRI, WMETIIHENKIE Tx b =—bxaq Lkb,
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EE 1.1 RVMILO=ZEFBLSI50202100R, ‘\":I AOYN:Y
(i) (b x)=b.(CxA)=7C(Tx D)
a1 a2 as b1 bQ b3 C1 (6] C3

bl b2 b3 = |C1 C2 C3| — |ap ag as (3%1’575‘??5”@??5”?&)

1 C2 (3 ap az as by by b3
= ar1bacg+asbzcr +azbica —arbscy —asbics —agbacy
i) Tx(bx?) =(a.2).0—(2.0)2 (579> 2 (Lagrange) OAR)
b1 C1
= (arc1 + agcg +azez) | by | — (a1b1 + agba + azbs) | co
bs 3
aibicy + agbica + asbics arbici + azbacy + asbscy
= | a1bac1 + agbaca + asbacs | — | a1bica + azbaca + azbsca
a1bzcy + asbsco + agbscs a1bicz 4+ asbacs + azbscs

asbicy + agbics — azbacy — aszbzey

= | a1baci + aszbacz — arbica — azbsco

a1bscy + asbsca — a1bics — agbacs
() Tx(bxA)+box(bx@)+Cx(Txb)=0 (¥Yat (Jacob) DATR)

(] GERHICIE (i) @ 3@ D 22 AU, Rk 2 Z e EER IO 20, NEDHEPAH T —TRY
MORA TG LTEELK (i) 28R EMATHELND 2L 2HERT 5, 2 2 TRHEIERND
WOkl Tx(bx )£ (Txb)x T

2 YIAET7>eWHoER
21 BooEHrvvaET7TY
2 LB f (21, ) OIS / Fa, 22) dzrdas 12OWT, ZHUC £ > THET 5.

D
DEDOEBRAMBHONTNS 1 T = (21,22) = ¥ = (y1,y2) = ¥(T) = ¥ (x1,22)

// Fy1,y2)dys dya = //f y(x1,x2)) (yl’yz)dmd%z
7(D) O(w1,w2)

o( ) T Oy O Oy O
- ccwapyy QW) \orr Qs _ Oy Oy Oyi Oye
k,“C’V:rl:7/.a(Il’z2) Oy % 02, 2y Ds Do %0 &9 %,

8331 8:1:2
0
DLW & THRINC dyr dys — 8((1“’3’2))(1 oy DD TOLER B, b LS OIEF2EM LT,
T1,T2
TAIRDOY a7 VOREPS gy =y ETHIE. dyidyr = 0,dyadys =0 £l y & yp 2T 22,
B o | b b
dyr dys = —dyadyy 2733, 7R |" | =] “=0. 22" =] Y oveszckt
a a c d d ¢

JHLTW3,
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math/math-301a.tex 3 FEHL L BlER

3 RELBEE
DEATL LT, 2SN EREDRNZ. WHO Fy L S EIET 2 2 L2550 TERT 5.
BIRL f = f(x1, 22, 23) KHLT, RDH 5

. of of  of
le(f) 87171 + 871'2 + 87433

ERLT. INERE (divergence) & XX, ¥/ grad(f) = ( of of af) EBLLE ZORT MV
8561 6$2 8x3
% f OB (gradient) ¥\, NiE () 2dHWVT

dz
0 0 0 !

df = f 1+ / ——dxs + —fdxg =grad(f). | dzo | = grad(f)dZ
8 1 6 €T9 8333 dl‘g

b, WHEASTOMD. 1 EBER v = f(z) WA L% d— = f'(z) 2R dy = f'(x)dzx & L7
HON 1 EROGEDMAIRTH oMz, ZHE IEBALIRLTW5, AifioMoERE2dbWT, NE
gdZ D Fv b () ZEELT
w = gd¥ = gi1dz1 + g2dra + g3drs
N O RPY 7 G| SN S
dw = d(gd¥) = d(g1dx1 + godrs + g3dxs) = dgy A dxy + dga A dxo + dgs A dxs

DFFEE, i =1,2,31Z20T
8 0g; 9 09; 0g;
d(gzd.’tl) Td.’bl AN d.’El + TQdZEQ AN dl’l + 873(1%3 A d.’tl o o 853
BE0H, 2XMa e LT

_(0g3 092 dg1  Ogs dga  Og1
dw = (3@ D25 dro N dxs + 925 O, drs Ndxi + 92, O dry N dxo

ZRoh

(v
(y
A

ot = (22 - 2 000 00x 0o
Ory Ox3 Oxrz Oxp Ox1  Oxa

% [E#E (rotation) & K& curl £ FT27F A dDH 2,

M DEEFDAERY ML ARLT, H (PI22r) » NTEEOHEA) v EZR 2 2 . Wy
BEREE f(x) = %}:ifabf j v fromr Ak,

INFETI, o R OBREL R 3 ZRERMERE [ = f(z,y,2) :R* >R 2 L. 3EH-ONRY
FMEBEE F = f17 + fo) + f3k R3S R3 ¢ BEELT
9
Ox

0
dy
9
0z
EBL . W FBR (div) o AEDY [BlER (rot) £ 722 ZEHBETE 2 TH S 5,
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of
81‘ f
i} of > of—> of» | or i
[, — - < — —_— = _— = 3
o 2 H 5 —ff%: gradf =V f 8zl+3y]+6zk 2y fy| €ER
of |\
0z
9
%I Y on on o
Cdiv(F =, F = . _O0h 9fr Ofs _
o Wi div(f)=V- [ = Ay f2 8x+5y+3z€R
5| \fs
0z
Kkl fs _0fs
A AT P
. —)7 —)7 o 71_73 3
o St irot(f) =V x [ = i T €R
9 ) \of _on
£ oz Oy

DX T ZENEREEZ 20 I 2EEMZD DI L b DH I BHNLR VA, YHETIINWANAR
RECOREREZUE T 2201213, AN 50f 2T, HbLIPELNZFEDKEV, HL2
ZEHRUITY,

ZOFTITEIMAERETTHD, N, AEEDB VS LT, ERMRKETOYZ AT =)L (Maxwll) O F
BRERRZ Ze PN TE 2, 4@EIEAT Y ZAOERL 7Y R=—VOEA, 7 7 77— DAl WRIEFEERT
T2, 1. 7777 —DKRl R OZMICH S > TRENDAEL 2, BHIEMDBDH 2L 50 5BNT
HTL % 2. BERIEE | COHFUCH—OBFEOTFE LRV, BN ThhroEEHs 2 2idhn 3. v
2O B OB EMEEICHAIT 2 2 b BGRHZT 2 L EHIIEERERD 4. 7Y R—1D
A B ORFRIZ L e ZAEIRIC & - THESIZRERE RO L S E %,

Kokk RERHE Sokok

T
T=aity)+ok = y| eRP L. 2O/ Vb (REX) R r=r(z,y,2) =22 +y?2+22 &

z

5, 2Dk E, -
() A Vr Zbrd X, (E2) VT:%
.. 1 s B 7
(i) 1/r =~y PUREED ko (B V(1) =~

(iii) 7/r3(r £ 0) OFEMEFHEL X, (FZx. 0)

DEDNKETRE,
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