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13 13 =2 = xi oo0,ooo,000 | x,y,2 000000 &n,c000,
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o0 | Dy P P phi ooO O000. 6000 (Heaviside) O
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gbooobOobooooobooog
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3. 000000000000

e A+ B = (A, +B,, Ay + B,, A, + B.)
o aA = (aA;,aAy, aA,)
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, “*;§§§XX§ (AyB. — A.By,A.B, — A;B., A, B, — A,B,)
H A (F3i)
-n

5. U000 bopoobOoooooooooon

0: A0 BOODO (0<0<m)
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v=lv], (v>0): 000000 (speed)

ooo0O00000000, velocity 00000,
speed 0000000000000 000O0...

t=", (t{=1):00000000
v

(tangential unit vector)

0O00¢ 0 tangential line (00O) 00O,
0 time (O00)OO0. [t/ 0 t00D0D.
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2.00000
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D Ox Oy v
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00O SEREGEIEEIEE
00O 0000000000
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gogbooboobooboo
ooobooooooooon

04.200 (gradient, 000 000O0)O
00000 ¢(z,y,2) 00000

0 0 0
[t =ve] = (5 5 5

0 0 0
V—(ax, @, (92’) : 000 (nabla) O O

000000000 (differential operator).

gboboooo,b0oo0,0oooooooooooa,
oo,000000000000O0o0b0.b0oboo0Oo00
ooboooooboboooobooooooooog.

OOOoperator 000 O0DOOO0ODOOOOOOOO.
uobooooooooooooboooooboooomo
oobooooooooboooooooooooDo
U.0oooooooo.oooooooooooon
oo,0o0o0ooooooooboooooooan,
oooooooooobooooooooooooDon
oooobooooobooocoo,ob00booon
goooooboooooogoon.

OVeOUOUOOOOODOOeODOOOOODOOO
O|Vel OOOOOO,000000000
OveOOooooo

04.3 00 (divergence, 100D 000OO)O

00000 A(z,y,z2) = (4, A4,,A,) 00000

0A,  0A 0A,
’diVA:V'A‘: Oz + 3yy * 0z

A00000, divADOODOOOOOOOOOOOOO0O0OO
000000. (divA<000,00000000000.)

EIEIDDy:I%D r— 00 oo OOOOOOOOOODOOO
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gooo.
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000D rotAOOOO crlADODOOOOOOOO.
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045000000 O

0, 000000,A,BO0ODODODOOOOO,
U U4 (distributive law)

1. V(p+9)=Vep+ Vi
2.V-(A+B)=V-A+V-B

3. Vx(A+B)=VxA+VxB

UOdOdbO (scalar multiplication) O O O 0
4. V(py) = (Vo) + ¢ (V)

5. V- (pA)=(Vp)-A+¢(V-A)

6. Vx(pA)=(Vp)x A+¢(V x A)

JOdobbOO (“hain rule”)

7. Vf(p)= %Vg&

000 000000 (000ooooo)
8. V- (AxB)=B-(VxA)—A-(VxB)
9. Vx(AxB)=(B-V)A-(A-V)B
+A(V-B)-B(V-A)
10. V(A-B)=(B-V)A+(A-V)B
+B x (VxA)+Ax(V xB)

goooog

1. 000000 (Laplacian, 000 0000O)

Vf(r)_;af()
af) = (52 + 250 ) 70)

oobooooobooooboocoooooooogoooo.

2.0000000000
OV x (Vy) =rot (gradp) =0

OV-(VxA)=div(rotA) =0

.00l (oouooo,o0oooooon)
OV (V-A)=grad(divA)

OVx(VxA)=V(V-A)-(V-V)A

0o0o0(V-V)A=(AA;, AA,, AA,)

8%2A 82A 8%A
AA, = 89621 81/21 + 8221

04.6 0O 00O (curvilinear integral)
.00 C={r|r=r(), a<t<b} 000000

b S
fo= [ o= [ o) G

ds dr
o0d — =|—
dt dt

2.00000 AO0O0O0 coooooooo

b r
Ic:/CA(r)-dr:/ A(r(t))-ccll—tdt

t000 COOOoooOogoooooon
dr=tds 000 Ic = A-tdsODOO0O.

¢
o0,A=A-t000 Ic:/AtdsDDDD.
¢

. 00b00000oooobooo.oon:
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g0 0000000000

.

00 ABOOOODOOROOOOOOO »=0RO,
— —

a=0A,b=0B00,t000000000,
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A%R b-a
B
b

000000. (00 C)=(00 AB)0000000
000,00000000000000000.

/A(r)-dr:/lA(a—i—t(b—a))~(b—a)dt
C 0
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O470000000000O0 (scalar potential)
o= [ A(r)-dr = p(rs) = olr)
C

C:r,000,r, 00000000

p:0ogoon

A:p0 A=VeOOOOooooooooo.

e /[cOCOOODODODOOODOODODO,0O0DO0ODBDDODO
gooooooboobooo.obboooooboooooo
goooboooooooobobocooooooboooboo
goboooooooobood.

e 000,000000000ODODODOODODOD
0000000. f=f(ryz), z=), y=y),

z=2z(t)000,
o _ofds  ofdy , 0 d
dt Oz dt  Oydt  Ozdt’

e VXA=0000 A=VeOUOOO o0OO000O0O.

0000000 StokesOOOOOOOOO.

e —pJ A0 OJODOODOOODOODODODOO.

04.8 0000 (surface integral)

1.o0g S={r|r=7r(v), (v,v) e D}yooo 00O :

IS:/Sgo(r)dS://Dgo(r(u,v))‘gZxgz dudv

e p=1000 /dSEI,DD SOoooooo.
S

2. 00000 AOODO SOoOoOOoOOoO :

e s [ e (5

n 000 SO0O00O00O0O0OOO0OO0OO

e dS=ndS0O00O Is:/A~ndSDEIEIEI.
S

e Ay=A-n0O00O Is:/AndS[I[IDD.
S

) dudv

o0 000 ooo 00000 booooogon

0 AB, COOD0O0O0ODOODOODODOODOOOR
— — — —
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00,w,0000000000,
r=a+t+upt+vg OO<u<l,0<v<1—u)

gooooa.

xh

.

O0DOOD=a+p+q00000000000

ABDC 0OOODO0OOOO. 0000000000
—

00000 ROODODOOODO »=0R 0O,
r=a+upt+vg (0<u<l 0<v<1)

obooooooboooon.

049000000000 (Stokes’ theorem)

/S(VxA)-dszfiA-dr

A:00000
c:.ooo
S:coOoooooo

dS:SOO0OO0oooog.
ooobocoOoooooooooooooboon.

e rot HOUODOOODOODOOOD,00D0ODOOODOOO

gobooooooobooooboobo,bcoooboobooooo
gbobooooooooobooooooboooooooan
0000,00000000000 (DO0DOO). 00
oobO,0000000ret00bO0O0OO0OOOOOO
goboooooooobod.
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041000000 (volume integral)

Iy = /v F(r) do

V:0000 (30000)

dv:00Q0n0O

Ov0 volume(OO)O0OOOO. OO0OOOOO
gboobooboobbwedbooooO, 0o
vdoogooooo.

Odv0O0D00D0 ¢r0000000.04%000
00000000,04*0000000000.

O0drO(r000000)00000000
0,0000.

gooooooooobooo,00oobooo
goboodoooooooooobooooooa
goboooooooboooooog.

1. 000000000

r=(z, y, 2), dv=dxdydz

V={r|0<z<a, 0<y<b, 0<z<c} (00D0O0ODOO

a b c
v = / da / dy / d=f(.y.2)
0 0 0

2.0000000

r=(pcosd, psing, z), dv=pdpdpddz

X

V={r|0<p<a, 0<z<c} (0O0D0OO0DOOODO

a 27 c
IVZ/O pdp/o d<z>/0 dz f (peosd, psing, 2)

3.000(000000)000

r = (rsinfcos¢, rsinfsing, rcosbh)

dv = r%sin @ dr df de

V={r|0<r<a} (0D0O0DOOOO

a T 27
Iy :/ rzdr/ sin 6d6 do
0 0

0

-f (rsinfcos ¢, rsinfsin g, rcosh)

OO0 : 00000 r=r(a,bec)000

9z Oz Oz
da 0b  Oc

= — %) o) 0
dv = |det J|dadbde, J = | S¢ FL ZL

9z 9z 0z
da 0b Oc

JOO0DO0O0OO0.detJ O JOODO (ODDOOOO)O,

or or Or

obooobooooooboobooooog.

|detJ| DODODOODOOOOOOOOO .
0411 00000000000 (Gauss’s theorem)

/V-Adv:/A~dS
\ S

A:00000

S:000
v:.SOoooooooo

dS:SOooooooog ,
SOoo0oooOooooooOoooo.

e divOODDOOOOOOOODODO,00D0D0C0CDOO
goboodoooooobo,boobooooboooooa
ooboboooooooooo. oobo0o,bo0000
O0OdivOOOOOOODOOO0O0O000oOODOO00O0
goooog.



0000 MOO00000 (oo p. 1)

ooboobobooobooboooobobooogooboon

90(1] 00000 A=(z+y, x—y, 22) O
00 C:r=(t,1-t ¢, 0<t<1

t00Do0ooUoooooooO)

gooooooooo IC:/A-erDDDDD.
C

Ic = /CA(’I") dr = /t2 A(r()) - dzgft)dt.

ty

ooo,y 000 ¢, 000 COO000000000000000000000,00000t=0,te=1000.

oo,coon,

ooooo,

A(r(t) = ((0) +(t), o) = y(t), 22(1)) = (E+ (1), = (1—1), 26) = (1, 2 — 1, 26%),

dr(t) d

d @(w(t% y(t), z(t)) _ 4

dt

(t, 1—t, t*) = (1, —1, 2t

oo0.00,co000,

A-Z—: =A(r(t)) - d2it> =(1,2t—1,26%) - (1, =1, 2t) = 1- 1+ (2t — 1) - (—1) + 2¢* - 2t = 4> — 2t + 2.

ooo,

17 1
Ic = A~Zdt:/(4t3—2t+2)dt:{t4—t2+2t} =2 ... (0)
0

ty

E

U[1a] DDDODCODOODO,00000 B= (-, —y, 22)000000 I’C:/B-erDDDDD.
C

(O: I =1)

O

0 0000 CO0000,00000 D= (yz 22, zy) 000000 I”:/D~erDDIZIDD.
C

(O: I =0)



0000 MOO00000 (oo p.2)

obooooboooooboboooooon

@ 00000 A= (zx+yz, z—yz, zyz) O,
goooobobobboooooooboboog

C(:C1+C2+C3)

gboooooooon Ic:/A~erDDDDDEI.
C

oo:

gooo0 cG,oooooooooooooooDo.

r(t)=(1,0,1)+ (0,1, -1)¢t=(1,¢,1—¢) (0<t<1).
dr(t)
Tt

A(r(t) = (x(t) +2()y(t), x(t) — y(t)z(t), x(t)y(t)z(t)) =(14+t(1—t), 1-t(1—1), 1-t(1—1))

=(0,1,-1) 000,00,

=(1+t—t3 1—t+t2 t—t2).

goo.obood

Ic, :/C A(r) -dr = /t2 A(r(t)) . d:lgf) dt (1 =0, ta=1)

oooooo,

1 1
Iclz/ (I+t—t* 1—t+¢*, ¢t —1%)-(0, 1, —l)dt:/ (1—2t+2t2)dt:[t—t2+§t3]t:1:1—1+
0 0

0000 C0 »(#)=(1,1,0)+(-1,0,1)t=(1—-¢1,¢) (0<t<1) 00000000000,

d";liﬂ = (=1,0,1), A(r(®) = (2(t) + 2Oy(), 2() = y()2(0), 2(O(B)(0)) = (1, 126, t—12).
o Ig, = /ttZ A(r(t) - d:lit)dt = /01(1, 1—2t, t—#%)-(=1,0,1)dt = /01(—1 +t—t3)dt = —%.

0000 Cs0 »(t)=(0,1,1)+ (1, -1,0)t=(t,1—-¢ 1) (0<t<1) 00000000000,

d’;l(tt) = (1,=1,0), A(r(t) = (a() + 2Oy (), 2(t) — y(O=(1), 2OyO)=(1)) = (1, 21, t = 12),

O I, :/tzA(r(t)) . d:lit)dtz/ol(l, 2t —1,t—t%)- (1, -1, 0) dt:/01(2—2t)dt: 1.

)
DDDaIC:ICl+IC2+IC3: - +1:6 (D)

[SCI )
S| Ut



0000 IMIoouooo (oo p. 3)

gbggbgoboobbooboaboobooboooab

03] ODDODO A=(z+y, z—y,22)0000,Vp=A000000000 ¢O000D0.

o0d:

OO0O0,00000 AQQODOOOOOOO0VxA=000000Ve=A00000000000000 0O
DDD,Q@(T)ZQ@(TO)—F/A~erDDDDDDDD.DDD,TODDDDDDDDDDDD,DD cooo r O
C
ooo0-000000000000. —p0 AODODOOOOOOOOOOOO.

gooooooo Aoooao,

= (£22— gz(z—y), Z(r+y) — &2z, Z(z—y) - &z +y))

=(0-0,0-0,1-1)=(0,0,0)
000,Ve=A00000 ¢0000,A000000000000000.00000 (0,0,0)000,000
(¢,n¢)000,0000 CO0OO0O0O00OO0OOO

rt)=(&n, ¢t (0<t<1)

gbooobobooobooboo,booobo0obooooboooon

t2 dr(t
P67 ) =9(0.0.0)+ [ Adr=p(0.0.0)+ [T awr(v) T ar
1 ¢ " 1
=¢(0, 0, 0)+/ (&t +nt, & —nt, 2¢t) - (€, n, ¢)dt = ¢(0, 0, 0)+(§2+2§n7772+2<2)/ tdt
0 0
1
=¢(0,0,0) + 5 (€ + 20 = n* +2¢7)
(&,7,¢) 0 (z,9,2) 00000, ¢(0,0,00000000 ¢c0000,00000.
@(x,y,z):%xZ—l—xy—%yQ—FzQ—&—c (cODOOOODO)---(O)
(100000 Ic=¢(rit=1)) —(rit =0) = ¢(1,0,1) — (0,1,0) = 3 — (-1) =2.
DDDDDwgzzQ—%xQ—%yQDV@B:BDDDDDD7
JoB-dr=9p(rt=1)) —pp(r(t=0)) = ¢s(1,0,1) — ¢(0,1,0) = 3 — (—3) = L.

[1bjpoO000gp=2y20 Vep=DOOODODOD,

JoD-dr =opp(r(t=1)) —ep(r(t=0)) =¢p(1,0,1) — ¢p(0,1,0) =0 — 0 = 0.



0000 MO00000 (00 p. 4)

gboabogbooboobobboaoboaobooboobooobab /DDDDDDDDD

‘ O
O
[]

ooooo  A=(yz, z, 0, B=rotA,
OO0 C:r=(cost, sint, 0), 0<t<2m,
00 S:r=(ucos v, usinv, 1 —u?), 0<u<1, 0<v<2r,

goooooooooooo.ooocosoooooo.

(i)IC:%AerDDDDDDDDDDD.

C

(ii)IS:/B~dSDDDDDDD[I[I[IDD.
S

oo,CcoO SO000o0O00,00000000000

20000000000000DO00O0.

0B I :ﬁA.dr:/tzA(r(t)) . d:if) dt (t1 =0, ty = 27).

cooo rt) = (z(t), y(t), 2(t)) = (cos t, sint, 0) 000,

A(r(t)) = (y(t)z(t), z(t), 0) = ((sin t) - 0, cos ¢, 0) = (0, cos t, 0), dz(tt) = (—sin ¢, cos t, 0).

2
DDD,A-%:cotthmmmchz/ cos?t dt =7 ---(0)
0

(i) B= (& % &) x Wz w0 = (£0- Za, Lyz - 20, £o—Lyz) = (0,9, 1-2) 000,

goo,b0cobobooooobooooboboo,ooooboooooobooooboboooboobon.

Is :/SB-dS://D dude(:c(u,v), y(u, v), z(um)) : {arg; v), Orlw, ”)}.

27
oog D:{(u,v)|0§u§1,0§v§27r}D[|[I,DDD //dudv*/ du/ do0n0nQgd.

00,00S8000 7= (z(u,v), y(u,v), 2(u,v)) = (ucos v, usinv, 1 —v*) 00O000000.

a—T—(cosv sin v —2u) &—(—usinv wcos v, 0) &x%
- ) ) ) - ) ) ) au av

ou ov

= (2u2 cos v, 2u’sin v, u).

ooo,00o0o0o0o00 Z—ZX—EI[ID SO0 (D00)0000o0o0o0oUoU0OoUo0OoU0. DoUoUoUO »O

DDDDDDDDDDDDDDDDDDDDDD o0o,000uw=1v=00000,r=(1,0,0)0 glx——(201)

oooooooooooooon. DDDDDDDDDDDDD ooooooo -1oooo0o000000000.
B:<0a y(u7v), 1—Z(U,U)>:<O, usin v, UQ)

obooobooooogn

or(u,v)  0r(u,v)
B { u o

2v—|—u3

}—0~2u2003v + wusin v-2u?sin v + u?-u = 2u>sin

goo

1 27 1 27 27 1
Is = / du/ dv (2u3 sin® v 4+ u3) = / du <2u3/ sin? vdv + u3/ dv) = / du (2u3 o4 27r)
0 0 0 0 0 0

1
:47r/ wdu=4r-t=nm...(0)
0



0000 MOO00000 (oo p.5)
0000000000000000000000000 /000000000

D0(5] oooOoOoOO0Ooo

z Ce
C(=Cy +Cy+Cs+Cy + C5 + Cs) Cy ?
0ooooooooo G ' Cs
2 2 2 : Cs
A= (2% -y, 2° +y, zyz?) |
i 0 1y
0ooooO IC:/A~dr oooooo. § C
g .

o0:

0 (1,1,2) 000 (0,1,2) 0000000 C;, 000000000 C,000.Cy,C,y,Cr,C; 000000000
0S,00,Cs Cy,Cs,C, 0000000000 S,000.% 0008, 0000000000,0000 (0,01)
000 (0,1,0)00000000000000000.

Io,= Jo, A-dr (i=1,---,7), I = [s A-dr 0000,00000000000,

Ig, = / (rot A) -dS =Ic, + I, + Ic, + Ic,, Is, = / (I“Ot A) -dS =Ic, + Ic, + Ic, + I67
Sl SZ

ohboob.0b00 =000000.0 =—-Ic,0000000000.

Is, + Is, = Ic, + Ic, + Ic, + Ic, + Ic, + Ic, = Ic

s, 0000 r:(x(u,v),y(u,u),z(u,v)):(u,v,z), 0<u<l, 0<v<1 00000OO0OOOO,

or Or
dS = 0 X %dudv = (17 0, O) X (O, 1, O) dudv = (O, 0, 1) du dv,

(rot A) - dS = (rot A) - (0, 0, 1) dudv = (rot A), dudv = {a%(xQ +y)— 8%(332 —y)} dudv = (22 + 1) dudv

000.S;000 z==2(u,v)=u 000,00, (rotA)-dS=2u+1)dudv 000. OO,
1 1 1 1 u=1 v=1
Iglz/ du/ dv(2u+1):{/ (2u+1)du}{/ dv}z{uQ—i—u} {v} =2-1=2.
0 0 0 0 u=0 v=0

S, 0000 r:(x(u7v)7 y(u,v), z(u,v)):(v, 1,2u), 0<u<l, 0<v<1 OOOOOOOOOO0,
ou v
(rot A) - dS = (rot A) - (0, 2, 0) dudv = 2 (rot A), dudv = 2{%@2 —y) — %(wyzz)} dudv =2 (—yz?) dudv

ds = dudv = (0,0, 2) x (1,0, 0) = (0, 2, 0) dudv,

000.S000 y=y(u,v)=1,2=2(u,v)=20000,00, (rotA)-dS =2 (-1-(2u)?) dudv = —8u* dudv

goo. oo,
! ! L 1 u=1 v=1 8
ISZZ/ du/ dv(—8u2):—8{/ u2du}{/ dv}:—S[éuﬂ M =-8-1.1=—_.
0 0 0 0 u=0 v=0 3
goooooag,
8 2
Ici]sl+152:2—§:7§...(|])

(00)00000000000,1I¢, =3, Ic, =3, Ic,=-5%, Ic, =2, Ic, =0, Ig, = —3, Ic, = 2.



0000 MOO00000 (0o p. 6)

0000000000000 00000O000UoO0O0 /JOooooooooo
@@ 00000 A=(x+yz, z—yz, zyz) O,
gddooouoboooooboooooa

C(=Cy+ Cy + Cy)

gooobooogn Ic:/A~erDD,
C

booobobooobooboooobobooooobooon.

o0:
sooooog CDDDDDDDDDDDDD,DDDDDDDDDDD,ICDIsz/rotA-dSDDDD. 0o
S
0,S000000000000000000.a=(1,1,0),p=(-1,0,1),¢=(0,-1,1)0000,S0

r=a+t+up+vqg, 0<u<l 0<v<l—-u

00000000000000.dS= (% x %) dudv=(pxq)dudv 00000,

1 1-u
Is:/rotA-dS:/ du/ dvrot A-(p x q)
S 0 0
Oooooobo0o Is0booo.ooo,

rot A= (& (y2) — & (0= y2), & (@ tys)— 2 ay2), & —y2) = & (w+ye)) = (2 4y, y—ys 1-2)

000,00,pxqg=(-1,0,1)x(0,-1,1)=(1,1,1) 0000000000000000000000000,
rotA-(pxq)=(zz+y, y—yz, 1—2)- (L) =(x—y—1z+2y+1

goo.dooo,sogo
r=a+up+vqg=(1,1,0)+u(-1,0,1)+v(0, -1, 1) =(1 —u, 1 —v, u+v)

ooo,
(z—y—1Dz+2y+1l=1-u—1+v—Du+v)+21—-v)+1=v>-3v—u?—u+3

ooo. o000,

1 1—u 1
Igz/ du/ dv(v2—3v—u2—u—|—3)=/ du[év?’—ng—l—(—uQ—u—l—Z’))v]
0 0 0

= /01 du{é(l —u)d —

= %fol udu’ — %fol u?du’ — fol(u2 —u?)du — fol(u —u?)du + 3[01 u'du’ ( Ou=1-u0 fol du = fol du’)

[\SI[9N)

(1u)2u2(1u)u(1u)+3(1u)}

5
1 1 1 1 1-6—-1—-2+418 10
3'272°3 _Z)_(§_§)+3'§:T+:ﬁ:6"'(D)



0000 MOoO00000 (oo p.7)

D000000000D000D000D000000000000000 /000000000
S0[7] ooooo A=(@%0,0),
0000000D00D00nO S,
S0OD0D00DO00 VOOOOOOOOooooo.
(i)Iv:/vdivAdvDDDDD.

(ii)IS:/A«dSDDDD,DDDDDDDDDDDDDDD
S

00 (Iv=1Is)00000.

o0:

) divA=V-A= (g, &, &%) (¢°0,0) = Zz* + L0+ £0=32" + 0 + 0= 32
000 (0D00000)00000, 2 =rsinf cos ¢, dv=r?sinfdrddde OO0,

O0,vO0o<r<1,0<0<m0<e<2r000000ng,

1 T 2T
Iy = / 32%dv = / dr r2/ de sin@/ dp 3(rsin 6 cos ¢)?
\Y% 0 0 0

14 7'l"3 2 9 1 4 4
=3 r*dr sin® 6 df cospdpr=3-----m==-m---(0)
0 0 0 5 3 5

i) 00 SOD00000 (z,y,2)=(rsinfcosp, rsinfsingp, rcos) 00O00,r0r=10000,00 ¢O
00o00DoD0boO0o0oDoooo.ooo,S0odoogn 0 pO00D0ODOO0OOCODOODOOODODODO.
r = (sin 0 cos ¢, sin @ sin ¢, cos §), 0<O<m, 0<¢e<27.

O000o00Udo »r=r(uw,v) 0000000000000 0O,w0 0,v0 00000000 OOOOOO.

% = (cos 6 cos ¢, cos 0 sin p, —sin 0), g:; = (—sin 6 sin ¢, sin 6 cos ¢, 0),
dr  Or

20 X % = (sim2 6 cos o, sin @ sin ¢, sin 6 cos 0 (cos? @ + sin? cp))

=sin 6 (Sin0 cos ¢, sin@ sin ¢, cos 0).

000 (sind)»000000,000 SO000000000O00OOO0O0O0OOO0OO0<A<70O00 siné>00.

g 2 or Or
I:/A-dS:/ d9/ d x3,0,0-(x>
i S 0 0 <p( ) a0 dp

™ 2w
= / do / dy (sin3 0 cos® o, 0, 0) -sin 0 (sin@ cos ¢, sin@ sin ¢, cos 9)
0 0

T 27 5 4 T .5 27 4 16 3 4
= de dy sin® 0 cos™ ¢ = sin® 6 df cos®* pdpp=—--m=-m---(0)

000,000000000,0000000000000 (D0ODO0OOOt=cosfOOOO).

™ T 1
. . t=1 4
/0 s1n30d9:/0 (1 — cos® ) sin 9d9:/ (1—t*)dt = [t—%t:}]tzilzg.

-1

™ s 1 1 _ 1
/ sin59d9:/ (1 — cos?)? sin 9d9:/ (1—t2)2dt:/ (1—2t+t*)dt = | —%t:g—l—%tﬂt:il:—ﬁ.
0 0

-1 —1

)
27 2 2 2 . 2 3
/ cos4g0d<p:/ cos? ¢ (1—sin2g0) dap:/ cos2<pd<p—/ (%) dgpzw—iﬂzzw.
0 0 0 0



0000 MOO00000 (oo p.8)

000000000000U00o0000000U0o0o0o00U0o0o0oU0o0oO0O0 /JOooooooooo
@ 00000 A= (zy? 2yz, 2%24+9%2) O,

0o S = {(Jc,y,z)

2
0<2<2, x2+y2:(1—§) }DDD

googo Is:/A-dSDDDDDD.DDD,SDDDD,DDDD
S

2
V:{(x,y,z)’0§z§2, x2+y2§<1—§) }DDDDDDDDDDDD.

ReZas

X1
001 000 So 0, Sy = {(z,9,0) [2°+3* <1, =0}, 00000. S 0000,00 vOoOOOOOOOO
DDD.DDDD,IV:/divAdv, Is,=| A-dS 00O00,00000000000,y=Is+Is, 000
\Y% So
ao.

Se000,dS0O 0000000000,AD0:00000000A-dS=0000,Is,=0000.0000
O0,Is=Ix000,00000000000 [00000000000ODO. 00 VDO 00000000000
0000000, 00000bo0boo0boob0. oooooooo voooao,

V:{(x,y,z)‘x:pcoscp7 y=psing, 0<p <21, 0<2<2, 0§p§1—%}
000.00,divAD,
. 9 o9, 0 o 9 (9 2 2., .2 2,2 2 2
divA = oy’ + —2?yz+ — (P2 +y°2) = vy +2%2+2° +y  =2°(2+ 1)+ 2y
or dy 0z
U00.0000000 p,e,z000000 z=pcosp,y=psine 000000,
divA = (peosp)® (z+1) 4+ 2 (psing)® = (pcosp)? (z+ 1) + 2p° (1 —cos® ) = p* {(z — 1) cos® p + 2}

O000.00000000000 p00000(00,dv = pdpdpdz)000000O0O,

2 2 1-%
IV:/dz/ dgp/ 2dpop~p2{(z—1)cos2<p+2}
0 0 0

_/Ode{((z—1)/027rc082<pdg0+2/027rdgp) (/()1§p3dp>}
:/jdzi (1—;)4{(2—1)7T+47r}21/02(1—;)4(2+3)d3-

2 1
DDDDDDDDDDDDDDDz/zl—EDDDDDDDDDDDDD.DD,/dz...:2/dz/---DDD,
0 0

1 1
T T T (5 2 T
Iy==-2 d”45—2’:7/5’4—2’5d’:f S ) =< (D).
V4/0“( 2)20(2 M =51575) 3 (@)



0000 MOO00000 (oo p. 9)

S0 (8] ooooo

oo II:

gooobobobooboooooobbboooooo. obbbboooooooboobooo
(z,y,2) = (pcosp, psing, z)
DDDD,lefEDD,zD vO,p0«0000000,00 SO0OO0O0O0ODOO0OOO0ODOOOOOOOO.
v v\ .
S:{r‘r:r(u,v):((lfi)cosu, (1f§)s1nu,v),0§v§2,0§u§27r}.

oono

)

X —

Ou " v

IS:/OZdv O%duA(r(u,u))-(ar 8’°).

goo

)

A (r(u,v)) = ((1 - %)3cosusin2u, v (1 - %)SCOSQUSiHu, v (1 - ;)2>

oo,

0 1o} 1 1 1
8—; X 8—; = (1 — %) (—Sinu, Cos U, 0> X (—2 Cos U, —3 sin u, 1) = (1 — %) (cosu, sin u, 2).

go,0o00oboobooooboboooboobo,oboobob, -10bo0obooboooobOobooog.

oo,

IS:/ dv/ du (178) coszusin2u+v<179> c0s2usin2u+fv(1fg) .

0 o 2 2 2 2

ooo

2m 1 2m T 2m

/ c052usin2udu:7/ sin® 2udu = —, du = 27

0 4 Jo 4 0
ooooo,

2 1
v’:l—gDDDDDDDDDDD,/ dv~-~:2/ dv---000,
0 0

1
Is=" / dv’ {v*(3 — 20") + 4(2 — 20" )0}

—2
4 Jo

1
s s 5 2 8 T
_ d/ _5 /4_2 15 8/3 _ 2 (_=2_Z= e =2 ...(O).
2/0 v’ (—5v v’ + 80'%) s 75612 3 (0)
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