-}
40
|>
10

T
1

a

SE{ 2| Bl

o ASHQ7T EAEHH FHol Metal
conducting
spheres

Insulating or
dielectric
material

(D; electric flux density);

=
G

o) o
HH S

Aue del o

v _Q :

- b= C 47r7“2ar C/m

c @A A7 B=—L g =
TET

(A 3.1 =S wgt FL3 AAF}EE 8 nC/m — p=3molAe E D?

Pr 8x107"
F = a, = a =47.9a V/m
2megp P 2 - (8.854x10712) -3 7 ’
B P 8x107? )
D =¢F = 27Tpap = 5.3 % =0.424a, nC/m

(ex 1) @ =25uC at O(0, 0, 0) — ¥?

@ 0<0<m, 0<¢<%, = 20cm

U= % =6.25uC

(b) p =8m, z =+0.5me] HEH
U =Q =25uC

€) z =4m< HH
v = ?Q =12.5uC

(&&4A 3.1 @ =60uC at 00, 0, 0) — ¥?

(a) O<6’<%, 0<¢<%, r=26cme Fo] & = ¢ =

(b) p =26cm, z =+26cmol] 28] Hol® 23 TH = ¥ =60uC

©|Q

() 2 =26 cm¢l HH = LP:?Q =30uC

Y gstm ofi)=].H 7] FEH -1 - F2}7] S}(Electromagnetics)



(ex 2) D =?RAAH#ZA=Z EA]) at P6, 8 —10)
(a) @ =30mC at 0(0, 0, 0)
Q Q,

2°T
™

D =c,E =
4

_ Q r—r

x| |2 ]

30x<107° 6a,+8a,—10a,
dr - (62 +82+(=1002) /&2 18+ (—10)

= 5.06a,+6.75a,— 8.44a, ;C/m”

Pr xra,+ ya,

27r\/‘cc2-|-y2 \/a:2+y2

40107 °
= . (6a,+8
o - (62 +8%) (6a, +8a,)

= 0.382a,+0.509a, ;«C/m”
©) z=9m°l = FHAASFLE pg =7/2 uC/m’

0
D=eF="(a,) =

/210" °

5 a, =—0.785a, uC/m’

(&&4A 3.2 D=1HA#EAZ EA]) at P2, —3, 6)
(@) @ =55mC at O(—2, 3, —6)
D =6.38a,—9.57a,+19.14a, uC/m*
(b) 23 Holl U= FLI AAF} p, =20mC/m
D =—212a,+424a, pC/m’
(© z=—5m ¥ o] Y& F¥F FAANLE pg =120uC/m’

D =60a, uC/m”

Y gstm ofi)=].H 7] FEH -2 - F2}7] S}(Electromagnetics)



(ex 3) Q at 0, 0, 0) > D=7 at r =a
Q

2
4me,r

F =

a,

Q

2 O

Dy =¢,E =

Q _
= >a. at 7 =a

47r d7a

dS =1"sinf df dg a, = a’sinf df do a,
4ra

= yg Qsz’n@ dfg d¢ a, - a,
4

-+ (a*sind df do a,)

2m s
© / sinf do do
dmJ 4o/ g9

2 T
= Q do sinf df
dmJ 4y 9=0
Q s i
= E[qﬂﬁ [— cosO]

:gm—o] (1)1 =@

PEE LR PR EEL

AE FTAstFI 2t
AstF = = | pdv
-. . Q
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(ex 4) D ——a nC/m* (R33h)

(a) =7 at r=0.2m

D rx10?
=20
€ 3¢,
0.2x10°

= =7.53V
3 8.854 %10 2 /m

(b) @=7 at r =0.2m

e —9
Q=v :fps-dszf%ar < 1?sind db dg a,

—r o3 9
f / 0.2" < 10 ————sinf df d¢
0=

0=m0.2° x10"? x
= 0.27 10 ~ X327 .0 db
h=0 3

~0.2°x107? %27
B 3

=33.5pC

(—cosf);

) r=03m<! 7E FHs= v=7

x107?
wzfps-dsz%-zmﬁ

0.3 <1077 x4n
B 3

=113.1pC

($&d A 3.3) D=03"a, nC/m’> (F+337bH
(a) E=7 at P(r=2, §=25°¢=90°)

E =135.5a, V/m
(b) 7 =39 7 WHFlAe Q=7

@ =305 nC
() r=4%2 & yus FAHEA
¥ =965 nC
A o)X ] F -4 -

Z=}7] 8H(Electromagnetics)



(ex 5) r =2.5m¢l 9 FHE Ay

rr
ol
=
I
S

(a) Q:Q*IZHC at =0, £1, £2, ..., £m
v = s 5Re] Fae

=27 X107 | 4210 |+ 2 X107

= z=%x1

=(142x2 14+2x274)x107° =2.125nC

| N
(b) P :mnC/m at 2=
v =sAzaue) $48% == [pa = [ o
v l

2525 1x10°°
—f DB g~ —238nC
z=—25 Z +1

1
(c) =————nC/m* at z=0
Ps x2+y2+4

v =il $85% = Q = [ pav = [ pas

r=25 1x 9 r=25 %109
B
¢=0 2’ +yf +4 o 1 +4

r= r=

=... =2.96nC

(&&dA 34) z, y, z =5 3] FAY SHA THE HUE=
1
@ @ =0.1uC at P(1, =2, 3) & @ =—uC at Py(=1, 2, —2)
¥ =0.243uC

(b) p, =7uC/m at x=—2, y=3
¥ =31.4uC

(©) pg =0.1uC/m* at y=3z
¥ =10.54uC

e o)A 7] F e -5 -

dr
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L ZE HolA Dot AZuw SR AY HANG
— Dy dS =DdS EE Dy-dS =0

2. Dg-dS =DydS] A= [ DdS =Dy | dS =Dy ASE W=
s 5 5

(ex 6) A HHst Q — r+g Holxl 3LolA e D?
Q

(a) F = QQ - Dy =€ = 5
4re,r 4y
(b)QZfDS-dSZf DSdS:Dsﬁ ds
S sph sph
¢ =2m 0=m
= Dq / ”sinfdfde
¢=0 =0
= 477” D — Dy = Q2
471

dol7t L mel AF 2] 7h92 EHES HolF

@= 56 CleS - dS Line charge

PL

-/
=)

»

=Dy dS+0 f dS+0 s

sides top bottom

L 2T
ZDS/ pdodz
=0 =0

=Dy 2mp L

Q _PLL_PL

g P 2mpL 2mpL 2mp

Y gstm ofi)=].H 7] FEH -6 - F2}7] S}(Electromagnetics)
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(A 3.2) @ =1mm, b =4mn, L =50cm, @, =30nC<l &= AolE

- 9 ) E" D = ? - .
P Bs, o Conducting

: — @ — @ _ 30x10"" — 9.55uC /T ‘7 cylinders
pSI’ pS] 5*1 aral 27T><1073 0.5 Lol

Qz = Ql :—3OHC

Ps,

2

@) ) —30x10""°
Pg —

=_= = = A p=>b
: 5 2mbL 27 x(4x107%)%0.5

=—2.39uC/m’

D,a <p<bd W

Q = yg D,-ds zof ds+D, [ ds+0 [ dS=D2mpL
cyl left

sides right

@ ps2malapg 1073 % (9.55%10°% 955 2

D = =
P 2mplL 2npL P p
E o <p<bd uj

9.55 10" 1079
E, =¢D, = L =
8.854 10" %p p

(ex 8) 200uC/m’ at r =3cm
—50uC/m at r =5em  — D=7

V/m

pruC/mz at r =7cm
(a) at r =2cm
Q.. =0— Dg=0
(b) at r =4cm
Q =D5f hdS = Dg 4
sp

47 0.03 )

@ =200x10 % x

s : A7r? 4 X

(c) at r =6cm

Q=Dy[| dS=Dgdm’

sph
b @ _ @+ _ (200x10 °)(dmx0.03°) + (=50 < 10" °)(4m < 0.05)
5 Am? 47 < 0.062
% 0.03% — 50 < 0.05° :
_ 2000.03 2‘50 0.05° -6
0.06
=15.28uC/m’

A o] H ] F e -7 - #7447 SH(Electromagnetics)



dr=732m¥ W D=0 - ps =7

Q :DSf dS = Dg4mr’
sph

Do — Q QT+
S 4p? 47 x0.07322
200 % 0.03% —50 % 0.05° + pg X 0.07% =0
200 % 0.03% — 50 < 0.05>

= =—11.22uC/m’

Ps, ~0.07 K
(&&A 3.5 0.25uC at » =0

2mC/m’ at r =1cm — D=7

—0.6mC/m’ at r =1.8cm
(a) at r =0.5cm
(b) at r =1.5cm
(¢c) at r =2.5cm

d) r =35emollA D=0 — p, =7 at r=3cm

PEE LR PR EEL

Z=}7] 8H(Electromagnetics)



f D-dS=Q Px; 3. 2)
s

D=Dy,=Da, +D,a,+D,¢

ygD-dS: + [ + ] + + [ + e N

L 1 // Ax
S front back left right top bottom
Ay
f = Df’ront : A‘Sfrunt
front
= Dfr(m,t : AyAzaa:

= Dw,fr(mt AyAZ

A _ N
< Dot = Dt 5% el AR Do) W)

Az 0D,
L/n —L(ZZ@-+-—iE ”)Alyzlz
front b 2 o

Ag 0D,
b/j i:(—llo+-—;£ ”)Ahpﬁz
back v 2 ox

oD,
- + = — Az AyAz
front back ox

yﬁp-dszcgﬁ(wx+ oLy | 8DZ)A3:AyAz
g ox oy 0z

:(6ﬂr+aDy+6Dz

)Av
oxr oy 0z

81).’1) + 81)1/ aDZ
ox oy 0z
oD, oD oD

= + —L4+ =
P ox Y 9z

S Al s (14 Au)

Ygjsty oL R H 7] FeFE H=}7] 8}(Flectromagnetics)



(ex 9) D—yza+3zyza+3:§yza pC/m’ (A+331)

(@) YHOTHRE =3, 0<y=2 0<2=<1¢ FHS EFsl= FAL
Wz/D-dS:/Dxdydz
S S

SR P 12 1 ?,yz2 1 42=1 —12
= yz X10™ “dydz = 3Y X | =z <10 =0.667pC

(b) E at P(3, 2, 1)
D lpg, 5, 1) =4a,t18a,+36a, pC/m’

D  4a,+18a,+36a,

E=— =
€ 8.854 m
© A P3, 2, 1)ollA ¥4 2um9] nl ATt Z3E FHE)
fD is =0 = 8D:1c 8Dz Av
2z

= (04 322"+ 6xy2) Loy, . 1) ¥ 10717 éw - (2x107 %)

= (9+72)x grx8x 107 =271x10 ¥ C
(A 3.3) D =e “sinya,—e “cosya,+3za, C/m
Av =10 'm' o] F H3F Q =7

oDx oDy 4Dz . .
= + + Av =(—e “siny+e “siny+2)Av =2
Q " 5y " v =(—e “siny+e “siny+2)Av nC

(&849A 36) D :8xyz4az+ 4x224ay+ 16x2y23az pC/m’

@) z =2, 0<z<2, 1<y<3% BEHE ¢, 02 E33l= F A&
W =1365pC

(b) E at P2, —1, 3)

D lpy 4 3 =

=2 146.4a,+146.4a,— 195.2a, V/m

S|
© A P2 -1, 3)01]/H By 1072w niaTo] %3
Dy “ 1 Av

ox oy 0z

i
o
=
QL
ofd
lo
ry
>

Q=

= (8yz4 +0+ 48x2yz2) x<10™ " |P(2, -1, 3>Av

=(—8x81—48x4x9)x10 2 %1012 =—2.376 <10 2'C

Y gstm ofi)=].H 7] FEH - 10 — F2}7] S}(Electromagnetics)



3.5 BE{H| 2t

« 2H(divergence)9] A 2

oDr oDy oDz
fD dS Q ( o ay * o0z )Av

%D-w
8Dy+8DZ)i K _
Av

P oy Py Av
Do opy ob D-dSs

1 _ 1 Si =1 =
o * oy * 8z ) _EE}J Av il‘ino A 0

olejo] W Ao thalo]

48] w0t =diva = |20 20 | 0%
or oy 0z

1) AsnEs] Bue vAAHLY AZAORYEY Wor ot UMY Ak
e 2

@ A% Warel 00] ohy@ o] Assource)7t AT, 001w ol e}
Z=A8A gt

- ZF AEA A kel A
(1) 272 EA
divD = Dx+ 8Dy+ oL

or Y o0z
2) d&zEA

1o 10D, oD,
divD = ;a—p(f’DpH; a6 | oz
@) T2
| Lo, P 1 8D®
divD = 2 or D)+ rsinf H(Smel)) rsind 0

TS oA o] F e R ety



(A 3.4) D =e “sinya,—e “cosya,+2za, — divD =7 at 00, 0, 0)

- oD, N aDy+ oD,
divD = ox oy 0z

=—e “sinyt+e “siny+2 |0<07 0, 0) =2C/m’

(ex 10) divD =7
(@) D =20xy*(z—1)a,+20zy (2 +1)a,+102°ya, C/m' at P,(0.3, 0.4, 0.5)

oD, oD, oD,
divD = + +
ox oy 0z

=20y°(:=1)+202* (2 +1) |p 15 04 03)
=20x0.4>x(0.5—1)+20x0.3> < (0.5+1) =1.1 C/m’
(b)D :4pzsin¢a,p—i-2pzcos¢a¢—i-2p25ir1¢5aZ C/m' at Py(1, n/2, 2)
p) 10D, oD,

1
i =——1(pD - 4=
divD ; 8p(p p)+p o +—

1 i 1 .
= —8pzsing+ —2pz (—sing)
p p Py(1, 7/2, 2)

1 1
:T><8><1><2><sing—T><2><l><2><sin% =12C/m’

(¢) D =sinfcosga,+ cosbeospa,— singa, C/m' at P2, 6 =7/3, ¢=m/6)

1 8D¢
rsinf 9¢

1
2

o1, 1o,
divD = 2o (r’D.)+ rsind 90 (sinfD,) +

1
= — 2rsinfcos$ + (cos?0—sin0)cosp— Tsind cos
K

rsinf inf
_ C0SP (01204 cos20— sin20—1)
rsinf
= LS¢(sir129+c052¢9— 1) =0

rsinf

(S&dA 3.7 divD =7

(@) D = (2zyz— ¢ )a,+ (°z— 2zy)a,+ 2*ya, at P2, 3, —1)

(b) D =2p"sin*¢a,+ p’sin2¢a,+2p°zsin’da,  at Py(2, 110°, —1)

(¢) D =2rsinfcospa,+rcosdcospa,—rsingay at P.(1.5, 30°, 50°)
(a) -10.00 (b) 9.06 (c) 2.18

LGSt oL <] A 7] FZEFE - 12 - Z=}7] 8H(Electromagnetics)



6 BAe| M1 A (FHH)

o divD =

e ony op 55 A-dS 0
0 oz | .. S _ _
+ + 0z ) = lim Av EIE) Av P

ox ay Av—0

ex 1D p, = 7
(@) D =axy’a,+yr’a,+za, C/m

oDr oDy oDz
=divD = +
py = div ox oy 0z

=y +22+1 C/m’
(b) D = szSin2¢ap+ pz’singeosga,+ p’zsin’a, C/m
19D, oD,

19
, =divD =—=—(pD, )+——+—
8 pop” a9

1 1
= ;2ngsin2¢+ ;sz (cos®p—sin’e) + p’sin’e
= 2% (sin®¢+ cos’®) + p*sin’e
=2 +p’sin’p C/m’

(¢) D =a, C/m’
po = divD = r? or D)+ rsinf o0 g SinfDy)+ 7sind ¢
1
=—2r
2
2 ;
r

(S8alAl 3.8) p = ?

2 2
4xya+2x o Q:Uya

(A

@) D=

(b) D = zsinga,+ zcospa,+ psinga,
(¢) D =sinfsinga,+ cosfsingay+ cosgay

(a) =5 (a®+2%)

e o)A 7] F e - 13 -

Z=}7] 8H(Electromagnetics)



3.7 HHE{ANIR e} B E|

« AZk R TA A NE AR v (DeD A

0
\Y% :aam‘i‘ 6—ay+ gaz
o v AzbAe] A&
VD —a—i—ia—i-i (Da—i—Da—i—Da)
or * oy Y oz vy
5 8 5 /f/ Closed surface S
=—(WD,)+—D,)+—(D,) =N ,
ox oy YV oz l ¥
oD, oD, 8D, f
ox oy | o ™
T Y z L ~ N
=divD

« 2214 2] (divergence theorem)

ygD-dSZQZ/ p,UdU:f V +Ddv
S vol

Volume v
vol

Jelo] MEANA AZw AAol et W] WALE
EECRBEE

(]
rg
3
~

(dA 35 D =2xya$+aca D AA el 3

T

)= 0, z=1,

A Mo o]old AKWA o] AstEe

(a) From Gauss’ Law

Q= §£D ds = // —dy dza, +/f e
+/ 03 f Ol(D)y=o-(—dx dza)+ /03 /O](D

P (dx dzay)

+// — dz dya, +f/
[ S —odydz+//

- (dx dyaz)

), dy dz

(DJ)y:2 dx dz

3 pl 3 pl

—ff(Dy)y:dedz+f/

0 0 0v 0
—ff ii,ldydz

3 2 3
:/ f 2y dy dz :/ ddz =12
0 0 0
A e oA A7 F e

— 14 — ZAL7] 8l(Electromagnetics)



(b) From divergence theorem

VD= (2xy)+—( ) =2y

\ de—///dewdydz

vol



