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M (Electric flux) - &&

LS x| 201 o] O] 2%l (+) X SHE It

=
CHEEl o FRZ RHEES M2 = 27 &AM S =t
QIE TH| R BHE =M O = MA[AHL=M SHA[ZICH
QI TH|7E BHYENZ FX[otH HOLY el STSIE S S

D& O 2tA|1S10| L2 EE Q72 Lo{Lt= H(displacement) ;

— M&(electric flux, ¥) -

conducting
spheres

[nsulating or
dielectric
material

4

Q[C] (Q:uUi74e EXsH)
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3.1 MSTE L - off x|

(Ol 3.1) z& S w2t FLsE MESIUE 8 nC/m — p = 3MO|A S| E, D?

E =P~ 8 x1077 47.9a, [V/m]
= = = . m
2megp P 2m- (8.854 x 10-12) -3 P A
oL 8 x 10~° ,
D=¢E=5—a,= a, = 0.424a, [nC/m~]

21+ 3
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3.1 K2

(ex 1) Q = 25 [uC] at 0(0,0,0) = ¥?
(@o<6 <7T,O<gb<§,r=20 [cm]

_0Q_
W = =625 [uC]

(b)p = 8m, z = +£0.5 [m]2 HEH
¥ =Q = 25 [uC]

(C)z=4[m]2 EH

Q

¥ = =125 [uC]

Div. of Energy and Electrical Engineering, Uiduk University



3.1 SKEL

(S&0Ixl 3.1) @ = 60 [uC] at 0(0,0,0) = ¥?
@0<6<-0<¢p<-r=26[cmToAREE=>Y %
(b) p = 26 [cm], z = +26 [cm]0]| 2|3H FHe|El Bl BH = ¥ = 60 [uC]

(C)z=26[cm]2 HH=>Y =§= 30 [uC]

Div. of Energy and Electrical Engineering, Uiduk University



(ex 2) D =?(RZZIHEAZ HA|) at P(6,8,—10)
(@) Q = 30 [mC] at 0(0,0,0)
Q

DZE()E:

a
Arr2 T

Q r—r

CAnlr =12 Ir— 1|

B 30 x 1073 6a, + 8a, — 10a,
- 4m- (62 +82 4+ (—10)?) /6% + 82 + (—10)2
= 5.06a, + 6.75a, — 8.44a, [uC/m?]

Div. of Energy and Electrical Engineering, Uiduk University



|l

(b) z= ?e] #Het MASIEE p, = 40 [uC/m]
PL

= 0.382a, + 0.509a,, [uC/m?]

(€)x =9 [m]0l Y= HHHSIEE pg = /2 [uC/m?]

n —6
2><10
2

D = ¢yE = %(—ax) = — a, = —0.785a, [uC/m?]

Div. of Energy and Electrical Engineering, Uiduk University m



(820H 3.2) D =2(ZZLEHEAZ HA|) at P(2,-3,6)
(@) Q = 55mC at 0(—2,3,—6)
D = 6.38a, — 9.57a, + 19.14a, uC/m?
(b) x= 20| A= F Lot MHStp, = 20mC /m
D = —-212a, + 424a, uC/m?

(C)z=-5mBHL0N U=+

D = 60a, uC/m?

StEHMSIUE po = 120 uC/m?

ne
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« HHGL 1Q =20n

« MHG} Q= [p,dL

« FHHS} :Q = [ psdS

- MHHSEE Q=] ,pydv

551)5 - dS = f py dv [C]
vol
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3.2 7|-0Jk EH X|

B e — B

(ex3) Q at0(0,0,0) > D =?atr=a

Q
E = a
Aregr? T
4 _
D; = ¢E = a a.atr=a

Arr2 " 4Amq?

dS = r?sin @ dfd¢pa, = a®sin 8 dOdpa,

fDS-dS=f< ¢ a)-(azsinededqbar)

4ra? "

Div. of Energy and Electrical Engineering, Uiduk University
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3.2 7|-0Jk EH X|

B e — B

(ex3) Q at0(0,0,0) > D =?atr =a

jéDS-dS =j£< ¢ ) (a®sin @ dOdga,.)

4na2

Q .
= jggsmededgb a,-a,

sin@ dOéd¢ D
47T = ofe 0 S
Q 2T T Q ’ - -
=< d¢| sin6do=--[¢]3"[- cosO]T g
4 $=0 0=0 4T
[ D .x

Q

= - [2m = 0][-(-1) - (-1)] =

Div. of Energy and Electrical Engineering, Uiduk University @



392 7|.0Jk H-III

(ex4)D = gar nC/m?(XAtga7h

(@QE =?atr=0.2m

£ D rx 10~°
& 3e ar
0.2x107°

3 x 8.854 x 10-12 /m

(b)Q =2atr=0.2m

rx 1072
Q=Y = fDS-dS = jﬂTar-rzsianHd(par

¢=2m 0= =T (). 23 % 10—
j j sin 8 dfd¢
0=

J9=” 0.23x 1072 x 21
6=0 3

sin@ do

B 0.23x107° x 27
B 3

[—cos@]F =33.5 pC

Div. of Energy and Electrical Engineering, Uiduk University



B 0.33x107°? x 41

3
= 113.1pC
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3.2 7| A HAI

(2807 3.3) D = 0.3r2a,nC/m?(X}tF27ZH

(@ E=?atP(r=2,0 =25°¢ =90°
E = 135.5a, V/m

b)r = 391 T LRI M2 @ =2
Q = 305 nC

Div. of Energy and Electrical Engineering, Uiduk University a



3.27IA B

(ex 5) r = 2.5mQl Ao HHE X|LI= ZEF S w?

(a)Q=2‘x2nC atx =0,+1,+2,...,+tm
Y =H2HLHO| EMEF2 = 2% x 10724+ 27% x 1072+ 27* x 1079
=(1+2%x2142x2%)x107% = 2.125nC

(b) P =
. i z=2.5 1 X 10—9
Y =H=H e STt =@ = jp,, dv = ij dl = j ———dz=--=238nC
v l z=—-2.5 z=+1
1
(C) pg = x2+y2+4n(]/m2 atz =
w = H2H o] EHSIE = ¢ = j o, dv = j pe dS
1 S
J(]5—27'[ r=2.5 1 X 10—9 i , jT—ZST % 10—9d > 96 nC
= = = = 4. n
be0 Ireo 2+ y2tadrae "), rit+a

Div. of Energy and Electrical Engineering, Uiduk University @



3.2 7|A HA

(S20IHl 3.4) x,y,z = £501 23l AHEl SHHM|Q| HHS ML= EXL @?

(@) Q1 = 0.1 uC at Py(1,-2,3) & Q, = 7 uC at Pp(~1,2,-2)
W = 0.243 uC

b)p, =muC/matx =-2,y =3
W =314 uC

(€) ps = 0.1 uC/m?aty = 3x
¥ =10.54 uC

Div. of Energy and Electrical Engineering, Uiduk University a



=1

_>DS dS—DstEEED5°dS:0

2. Dg-dS = DsdS? RO|ME [ DgdS = Ds [ dS = DsASE TS
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(ex 6) AT MTSE Q — rTHE HO{TI 20| M2 Dg?

Q Q
E = D¢ = gE =
ATTEyT? T s = & Amrr?
Q=st‘ds=f D5d5=D5¢ dS
S sph sph
¢=21 O0=m
= Ds j r?sin6 dfdg
$=0 Jo=0 Dg
Q O\ r=a dsS
= 4‘7TT2DS - DS = 4-7'[7"2 Q

Div. of Energy and Electrical Engineering, Uiduk University @



cyl

= Dg f dS + 0 j dS + 0 j as Line charge

sides top bottom e I

PL i .

L 2T : L
= Dg j f pdodz ;

7=0 q5=0 : Y
= Dg2mpL ;

|
L
“Ds =D, Q PL PL

N 21tpL N 21tpL N 2TTP
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(0™l 3.2) a = 1[mm], b = 4 [mm], L = 50 [cm], Q; = 30 [nC]2! = 0| — ps , ps ,E, D =?

0. 0 30 x 10~°
L pg = L= = — 9.55 uC/m?
Psi Psy = g = onal T 2m x 103 x 0.5 HC/m
0, -0, ~30 %1079
psyi Q2 = —Q = —30nC, ps, = 2= > - = = 239 uC/m?

S, 2mbL 2w x (4x1073)x0.5

D;a<p<bdl

cyl left sides right f

cylinders
2mal.  a 1073 x (9.55 x 107 9,55
2tpL 2tpL p P p
Ea<p<bd
Eo—eD — 9.55x 107° 1079 v
P 50Y T 885Ax 10-12p p /m /

Div. of Energy and Electrical Engineering, Uiduk University 9



3.37I%4 B2 S8 iE st 2

(ex 8) 200 [uC/m?] atr = 3 [cm], =50 [uC/m?] atr = 5 [cm],
ps, [uC/m?] atr = 7m — D =?

(@) atr = 2 [cm]
Qenc =0 —=>Ds =0

(b)at r = 4 [cm]

Q = Dsf ds = Ds4ﬂr2
sph

Q500 x 10-6 x TEX0-03% o o
— — = . m
Amrr2 47 X 0. 042 ue/

Div. of Energy and Electrical Engineering, Uiduk University @



(ex 8) 200uC/matr = 3 [cm], =50 [uC/m?] atr = 5 [cm].
ps, [uC/m?] atr = 7m — D =?

(C)atr = 6 [cm]

Q = Ds j dS = Ds4nr?
Sph

. Q Q1+ 0Q; (200x107%)(4m x 0.032%) 4+ (=50 x 1075)(4m x 0.05%)
C 4mr?  4mr? 417 X 0. 062

Ds

_ 200X 0.03% — 50 x 0.052

x 1076 = 15.28 [uC/m?]

0.062
d)r=732[cm]2M D=0 = ps =7
Q  Q1+0Q2+03

Ds

= amr? . 47 % 0.07322 =0 = 200><0.032—50><0.052+p5x><0,072 =0

_ 200 % 0.03% — 50 x 0.05%

_ _ 2
0072 = —11.22 [uC/m*]

Ps,

Div. of Energy and Electrical Engineering, Uiduk University e



D-dS =

(95

WX HE A A S| O] 2HMH

Ax N
where, Dy rront = Dyo + 9 x (xOll et D, 8| ¥i9tE) = Dy + —-

J <D Ax oD, >A y
= yaz
front 2 0x

Div. of Energy and Electrical Engineering, Uiduk University

1201 CHot XM E0HH

ppeas=[ [ 4 +f 4 4+
S front back left right top bottom

j = Dfront ’ Asfront = Dfront -AyAza, = Dx,frontAyAZ
front

P(x, v, 7)
D=D,=Da,+D,a,+D,a,

AX ULy

2 Ox




ARRE el I e o e ey |
S front back left right top bottom

j (D Ax oD, )A y
= YAZ
front 2 0x

j = Dback ’ Asback = Dback ’ (_AyAzax)
back

IR

_Dx,backAyAZ

Ax dD,
2 Ox

|
front back

where, Dy pacr = Dyo

IR

Ax 0D,
—D,o + — > ax AyAz

jback

Div. of Energy and Electrical Engineering, Uiduk University

P(x, v, 2)
D=Dy=D,a, +D()a*[) a,

aDAAA
I xAyAz



-ffD ds= Q= (22X DY D% hnyny = (22X 22 | 9D,
T ==\ Gx vy Ty ) AE =\t Y )Y

oD
Av o) mepa = (20x 00y | 0D
0x dy 0z
oD, 0D, D,
=% Yoy Tz

Div. of Energy and Electrical Engineering, Uiduk University @



(ex 9) D = y?z3a, + 3xyz3a, + 3xy?z%a, [pC/m?] (AtR 37

o
(@) MO BRHE x=3,0<y<20<z<19 BHE E1sl= ZH™L

=1

y=2 1 1%
Y = JD - dS = JDx dydz = j j y2z3 x 107 2dydz = [ y ] [—24] X 10712 = 0.667 [pC]
S S z=0 Jy=0 37 ly—o 14 1o

(b) E at P(3,2,1)
D = 4a, + 18a, + 36a, [pC/m?]

.E_D_4ax+18ay+36az v
T e T 8.854 [V/m]

(€ P32 D)0M & 2 [um]©] O] 270 ZEHEl ST}

— | —

dDx dD 0Dz 4
%D-dS=Qi + 22y Av = (0 + 3xz3 + 6xy?2) x 10712 x = - (2 x 107°)3
S ox dy 0z 3

4
=(9+72) Xgmx8X 10739 = 2.71 x 10727 [(]

Div. of Energy and Electrical Engineering, Uiduk University



(Cll®| 3.3) D = e *sinya, — e *cosya, + 2za, [C/m?]

Av = 107° [m3] LHe| & HstEk Q@ =2

o0Dx 0Dy 0Dz s e
Q= Py 3y +3 Av = (—e™*siny + e *siny + 2)4Av = 2[n(]

Div. of Energy and Electrical Engineering, Uiduk University @



20]: O] M| = 2

(S80Il 3.6) D = 8xyz*a, + 4x?z*a, + 16x2?yz3a, [pC/m?]
@z=20<x<21<y<3UHHEZJ,O2 S5t=5 MK
Y = 1365 [pC]

(b) E at P(2,-1,3)
D

D
E =— = —146.4a, + 146.4a, — 195.2a, [V/m]
0

(€)™ P(2,—1,3)0A 2O 10712 [m3] 2| O|AF0f| ZeHEl & M| A

ox oy | oz

= (8yz* + 0 + 48x%yz?) x 10712 Av
=(—8x81—-48x4x9)x 10712 x 10712 = -2.376 x 10721[(]

<6Dx Dy aDz)
= Av

Div. of Energy and Electrical Engineering, Uiduk University @



3.5 HE{A|2| Tt

1O

| X

=
o

2t M (divergence)

dDx 0Dy 0Dz

D-dS=Q=(ax t aZ>Av

o

(an oDy aDz) _$D-dS q

0x * ady * 0z Av  Av
dDx 0Dy 0Dz . ¢$D-dSs @
(ax+ay+az)_£§’o dv A 2y P

A2l #IE A CHOHG

JdAx OJ0A 0Az A-dS
AL A =div A = L 22 = lim 9
0x dy 0z Av—0  Av

Div. of Energy and Electrical Engineering, Uiduk University @



A lel #HIE A CHOHG]

t t Av—0 Av

0Ax 0Ay O0A A-dS
it =div A= ( axx ayy a;) = lim 2

US| EA2 OjAMEA9 HRHOZRE YO 2 LR = The[MAY M52 Sokg{ar &2

ML of HhAto] 00| OfL| ™ LHE 0| M3t (source) 7t EXSt, 00| H LHE0f| HSH7H ERYSHK|

Div. of Energy and Electrical Engineering, Uiduk University



3.5 HlE{7|e] Tt

(3) A &HHA|
divD = =2 2Dy + O (sin6 Dy) + 7Dy
v _rzar(r r) rsin 6 06 (sin 6 Do) rsinf 06

Div. of Energy and Electrical Engineering, Uiduk University @



3.5 HlE{7|e] Tt

(OIX 3.4) D = e *sinya, —e *cosy a, + 2za, = divD =7 at 0(0,0,0)

oD, @D, oD,

D =
div Ix + 3y + Py
= —e *siny+e*siny + 2
=2 [C/m°]

Div. of Energy and Electrical Engineering, Uiduk University e



3.5 HlE{7|e] Tt

(ex 10) divD =?
(@)D = 20xy?(z — 1)a, + 20x2y(z + 1)a,, + 10x2y?a, [C/m?] at P4(0.3,0.4,0.5)

oD, dD, 0D,
oD =
div 72 + 3y + Py
=20y%(z—1) + 20x%(z + 1)

=20%0.42 X (0.5—1) +20 % 0.32 x (0.5 + 1) = 1.1 [C/m°]

(b)D = 4pzsinpa, + 2pzcospay + 2p?sinda, [C/m?] at Py(1,1/2,2)

oD 10 (D)+16D¢+0D
v = -
pop 7P T p e

1 1
= ;8,02 sin ¢ + Esz(— sin ¢)

1 7 1 T
=Ix8x1x2xsinz—1x2x1><2><sm§=12[C/m3]

Div. of Energy and Electrical Engineering, Uiduk University @



3.5 HlE{7|e] Tt

(C)D =sinfcospa, + coshcospag — sin ¢ a [C/m?]at P.(2,8 = /3,¢p = /6)

divD ==L (r2p,) 1 O (sin6 D) + — 202
T ey T T isingae Y T T rsing a6
1
=r—22rsin9cos¢+rsin6(cosze—sin29)cos¢—rsin8cos¢
cos
= — P (2sin? 0 + cos? 0 —sin? 6 — 1)
rsinf
_Cosé ., 2 _
_rsinH(Sm 0 +cos“8—-1)=0

Div. of Energy and Electrical Engineering, Uiduk University @



3.5 HlE{7|e] Tt

(22dH 3.7) divD =?

(@)D = (2xyz — y*)a, + (x*z — 2xy)a, + x*ya, at P,(2,3,—1)

(b)D = 2pz?sin® ¢ a, + pz*sin2 ¢pay + 2p*zsin® ¢ a, at P5(2,110°,—1)
(C)D = 2rsinfcospa, +rcosbcospag —rsing ag at P-(1.5,30°,50°)
(@) -10.00 (b)9.06 (c)2.18

Div. of Energy and Electrical Engineering, Uiduk University @



3.6 HA SO M| 1M Al (K F A|)

. gﬁA-dS_
dlUD=ST.%A|_

10
oA
1o

dlvD—ax+ay+aZ—pv- 9 =

$.D - dS _Q
Av Av
$.D - dS 0
lim = lim —
Av—-0 v Av-0 Av
divD =p, | (BAO|F| 1Al

Div. of Energy and Electrical Engineering, Uiduk University

J
J

dl
H
x
2
12
00

ijB=Q
S
(2% | | (=)

divD=V-D=p,




3.6 MAEO| | 1UH A (HHA)

(ex 11) p, =7
(@)D = xy?a, + yx*a, + za, [C/m?]

_d,D_an_I_aDy_I_aDz
Pv = AV = oy T oy T oz

=y*+x*+1 [C/m’]

(b)D = pz*sin® pa, + pz®sin¢p cosp ay + p*zsin® pa, [C/m?]

10Dy 0D,

o= divD = - (pD,) +5 L +

pop

1 1
= ;szz sin? ¢ + ;pzz(cos2 ¢ — sin” ¢) + p* sin® ¢

= z2(sin? ¢ + cos? ¢) + p?sin? ¢
=z% 4+ p?sin?¢ [C/m3]

Div. of Energy and Electrical Engineering, Uiduk University @



3.6 WAHO| H14H A (HHA)

(ex 11) p, =7
(€)D = a, [C/m?]

= divD = =2 2y 1 O (sin6 Dg) + 7Dy
Pv = A = ey Y P T sing e Y Y T sing a0
1
:r—ZZT
_2 C 3
== [o/m)

Div. of Energy and Electrical Engineering, Uiduk University @



3.7 HE{H &ALt TS|

X 2E L E A | A HIE{ A AR} v(Del) 2] H2|

N
~ox dy T oz
V Eﬂ-xl'gl I—-llg' o _ Closed surface S
9 9 9 /
VD =gt Ayt ) (Dyay + Dya, + D,a,) 5 /4
9 £ T
= a (Dx) + (Dy) + (Dz) “
_ aan N f’aDy N aaDz — divD e Volumev |
X Z ; i
. g B ITES SN HOR LITHs FA| Maak
AFX i . :
2 4%z (divergence theorem) IR o] M Tl i3t MAUES| UM
=S AD) 2tC
jQD.dszf V- Ddv i HER A At |
S vol e

Div. of Energy and Electrical Engineering, Uiduk University @



3.7 HE{H &ALt TS|

(@) From Gauss' Law

Q = iD . dS = j: LZ(D)xzo - (—dydza,) + f: LZ(D)le - (dydza,) + j: jol(D)y:o . (—dxdzay)
+ jo 3 jo 1(D)y=2 - (dxdzay) + fo 2 fo (D)aco - (~dxdya,) + jo 2 jo (D) - (dxdyas)
= _ jo ’ jo 2( D) y—odydz + fo ’ jo Z(Dx)ledydz— jo 3 JO 1(Dy)y=0dxdz+ jo ’ jo 1(Dy)y=2dxdz

3 2
- f j (Dy)yerdydz
0 0

3 2 3
:j JZydydzzj 4dz =12
0 0 0

Div. of Energy and Electrical Engineering, Uiduk University @



3.7 HE{H &ALt TS|

(b) From divergence theorem

VD—a 2 +a 2y=12

Div. of Energy and Electrical Engineering, Uiduk University @



