4 dAl2] oHX] X H+
4.1 HHLHIM HATIE o|FAIA|=H ALEE=
AL ]

« A AI7I(E; electric field intensity); A WHe] T A @A} ol 2H&3t= 7
« JA E WellA Ast QF T HolA tE H7A olsAZ W Red oA
AA N oM ol ZH-&et= 3 Fp = QE

- O] —EIYZ]!*O/] dL l:g—ég:ﬂ }\(—)]'f"i_ . FEL - FE'aL = QE'GL
— A3HE ol FAI717] ko] Mstol Ftslior & & F,, = —Fy = —QE-q
— Z3E ol A7 H8g AUA(L=IAXAL) dW = —QF-dL

A7 A, dL = aydL
= dza,+dya,+dza, (HZr2EA)
= dpa,+ pdpa,+dza, (AFFEA)
= dra,+rdfa,+rsinfa, (F-2+32A))

final final
- W= / AW =—Q E-dL
nit mnit
ex D B =(L+2fa+2ra, V/mol A5 @ —20uC7h 917

st Q5 HO00, 0, 0)ellA P4, 0, 0)7HA olFA7Ied Bod 4 W=7

final
W=0qQ E-dL

it

P

=20%10"° [(£+2y)az+2xa)
o 2 Y
i

:20x10*6/ —+2y)dx
0 =

r=4

2
—20%10 6 - [%M}

- [daay]

z=0

=80 uJ

S A L R R e e - 1= 2 24718k (Electromagnetics)



(S84 4D FE Ziz(8aryzaz+4x2zay—4x2yaz> V/m el A
z

6nCe A& A
2um =AY W A¥E= A
6 3 2
(a) ar _70'1_'_ 7ay+ 70,2
-149.3 fJ
6 3 2
(b) a; = - =0,
149.3 fJ
3 6
(C> a’L - 7%—1— 70/:[/
0

2 24718k (Electromagnetics)
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=
42 MEE
(1A 41 E =ya,+za+2a, V/mol FA3 @=2C7F AAA, Adt Q& & B, 0, 1)lA
A A08, 0.6, D7HA 22+ =1, z=1¢ Y] 3= @} oA 7= L3} L W =7

A
W==qQ / E-dL
B
A
=2 / (yaz-i— a:ay—i— 2az) . (dxaz—i— dyay+ dzaz)
B

A
= 2/ (ydx + xdy+2dz)
B

0.8 0.6 1
2—2(/ yd:v+/ a:dy—i—/ de)
1 0 1
— y= \/1—3:2, xr= \/1—y2
0.8 0.6
:—2(/ \/1—x2dx+/ \/1—y2dy—|—0)
1 0

— z=cosh — dr=—sin0df, V1—z*=sind
— y=cos¢ — dy=—-sinpdp, V1—y*=sing

fez(— sin’6)do + %(— sin2¢)dq§)

o, o
— /udv Zuv—/vdu u=sinf — du= cosfdb
dv=—sinfdfl — v = cosf

— f(— sin’0) df =sin9c050—/00529d9
Zsin90059—f(1—sin29)d9 ZsinGCOSH—fd9+/sin20d0
— 2/(— sin®0)df = sinfcosd— 0
. /(— sin’0)ds = %(SinQCOSQ_Q)
=— [sin9005«9—«9]3j— [sin¢cos¢—¢]zf

= [a: V1—a2®—cos” 1:1:] (1)'8 — [1: V1—a*—cos” 13:] 8'6
= [(0.8 X0.6 —cos 10.8)— (— cos 11)] — [(0.6 xX0.8—cos 10.6)— (— cos 10)]
= (—0.1635+0)— (—0.4473+1.571) =—0.96]

AE il o Y x| A 7] F- sk - 3 - A} 7] 8F(Electromagnetics)



(Al 4.2) E =ya,+za,+2a, V/mol A3 Q=2C7F 912, A3t @5 & B, 0, 1)A
A A8, 0.6, 1)7FA AL we} o] FA7]|Ed Hod d W=7
HA0.8, 0.6)¢ AB(1, 0)5 & AAe] wA2

Yo~ Y%

Yy—y — y — 1, . (x_'rl)
0.6—0
y=0 = ge—yl-1)
y = —3(x—1)
A
Wz—Qf E-dL
B

A A
=2 / (yaz—i- ra,+ 2az) . (dxaz—I— dya,+ dzaz) =—2 / (ydx + xdy+2dz)
B B

0.8 0.6 1
2—2(/ ydx—i—/ xdy—i—f 2dz)
1 0 1

1
— y=—3x+3, r=— —3y+1

:_2({_ 3]

0.8 0.6 1
/ (—3x+3)dx+/ (—gy—i-l)dy—O—O)
0

1
Infinite line

0-6 charge p,

0.8

-y Ty
1 6 0

P1

=—2([1.44—1.5]+ [0.54—0])

=—0.96 [J]

~_| dL=p, dpa,

(ex 2) 2% wet M7s g,

Ast @ Blp, 0, 0) = p=p,, 2=021 4 — Blp, 2r, 0), W = ?

AR p,ol @ AA; B =Ea, = Q:GLP%
0
final
W=—0 E-dL
inat
B opp
— Q B 27T60p %" (dpap+ pd¢0¢+ dZaz)

2w
z—Q/ Pr dea, - @, =0
0

2me,

et oy x| A7) ek — 4 — A} 7] 8F(Electromagnetics)



(ex 3) 5= wet A3t p,

PrL
Ast @ Blp=a, $=0, 2=0) = Alp=b, $=0, 2=0)
W=7
2 b
final a
W==—qQ E-dL T
init dL=dpa,
— o[ " - (dpa + pdia,+dea,)
9 B 27reopap + \dpa,+ pdda,+dza,
L 1
T Q./ 27, p
b
B pL GOy _ @
N Q[ 2me,, lnp} N 2me, [lnb lna] N 27T60l aJ

ex 4 255 wet At p,, At Blp=b, ¢=0, 2=0) > Alp=a, ¢=0, 2=0), W = ?
AR poll o5k 7

Pr
E=Ea, = Dregp a,

final
W=—2qQ E-dL

mit
A pgp
= () a, " (dpap—i- pdga,+ dza,)

B 2meyp

o pr 1
= —d,
Q/ 2me, p P

P ¢ p
= Q[ L lnp} = -2t [Ina—Inb]
2me,, ) 2me,

oy a oy

= - In— l
2me, "y 27, naJ

(&l 4.2) 52 A WA
4cel dsts A B, 0, 0)olA A A4(0, 2, 0)74HA
y=2—2z, 2=098 FA=2E we} o|lsd w L3 YA W=7
(a) E =5a,V/m
(b) E =5za,V/m
(¢) E =5za,+5ya,V/m

odystal oy = A7) gak — 5 — A} 7] 8F(Electromagnetics)



(o] (o]
4.3 TAHAI R THY FY
« JA E WA A3t QF 3 HelA & 7HA olsAZ o] 8 o
final
W==0qQ E-dL
it
« IRkl A9
A Akl 2Hg-sh= 3§
— AA A7l E
GAAFHEE T HAA o2 H7MA ol FA7I=H BLT A
— A Y =Hpotential difference) V°
« ALz A4k
GAANFHSE A BolA HAVA o]lsA 7= Hag o
o1 W
;ﬁ.’l;'x]’ = VAB = 6

final

= E-dL

- ZA<l(potential) == A A7F A 71EH- dHE B Ao AA

A B UE A4S ARV, =V, -V,

(GX 5) Z%% Uil_gl' ﬁﬁ%} pL, @B(p:l% 07 O)Oﬂ EH?l_ XEI]A(P:C% Oa O)‘g] Zﬂ‘?’]i} I/ab =7
A

=— . a - (dra + pdpa,+dza,)
» 2mep P p T PPy 2

a p[/ l
p 2TE P

-6 - 2 24718k (Electromagnetics)
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(ex 6) Ao HA3} @

HABr=ry 0, 00 FAlr=r,, 0, 002 AAX V,,; =

HAsk o o3k A

4Q
—_— f 2 a7‘
B 4meqr

2
v, ATy 7

__ @ [_ l}

4me, r
T'p

@

- (dra,+rdfa,+r sin0d¢a¢)

Q

1 1) _ @
dme, |74 Tp
=V,—Vy

(ex 7) E=— @a + 6ay+5az V/m

(a) A P=7, 2, 1) HQU, 1, 2) Abole] AR Vpy =7
- RZ(_77 2, 2) - P(_77 2, ]-)

AZ; QU4, 1, 2) - R(=17, 1, 2)

final
Voo =— E-dL

mnit

2z
€T

Pl6 6
:—/( L +—a+5a) (dra,+dya,+ dza,)

6y
— —= |dx
1,2

__/4_7

_/26
1 X

y=1

dmeyry

dmeqrp

£y

/EdL+/E’dL+/EdL
R,

i -

r=—T7

_/ dx+f 2 dy— f5dz

+— [yli =50z

il

4

6
7
46
"7

[2—1]—5[1—2] =8.214V

Slethska o v < d7) By -7 -

2 24718k (Electromagnetics)



(b) Vo=0—> V, =7
Voo = Vp— Vg
Vo = Vot Vpg
=0+8.214

=8.214V

(¢c) Vp =0 where R(2, 0, —1) — V, =7 where P(—7, 2, 1)
A=E; R2, 0, —1) > T,(-=7, 0, —1)
= T(=7,2 —1)
— P(=7,2, 1)

R T 7
-7 6 2 1
:_/ _—32/ dz] —/ g 4 - 5dz
2 T y=0 oL 1 4 -1
2 1
= Edy— 5dz
0 —1
6
= -5l
6
=—[2—-0]-5[1+1]
7
=—8.286V

(&&A 4.4) E =6a’a,+6ya,+5a, V/m

(a) A M2, 6, —1)F AN=3, =3, 2) Ae]e] A V=7
®) A Q4, —2, =35)A V, =04 o V,, =7

() A PQA, 2, —4)NA V, =24 w] V, =7

A o YA 7] shy- -8 - 2 24718k (Electromagnetics)



4.4 FHioto|| ozt Hg
o AR Qo o A

EF=FEa = ¢
" Amegr

a, V/m

C A WHS Qb ANT W,
TA?— Xt_!]:‘—,’]' =

rpQl A Aelel RSV,

final
Vg = E-dL

inat

A
=— / @ 50 * (dpar+rd9a9+rsin0d¢a¢)
B

dmeqr

/ dmey 1 —dr

Tp

47?60 [_ i }

1 1
__©Q ___} v
dme, |74 Tp

- AR Qb 4AH AT w,

=
r=col 32 G NEHOR BT A5 AN A V,

dmey \ 1Ty 00
@
dmeqry

- A Q7F A %i@ ),
A A7} redl RelMl WSV
yo @

4me,r

ehstal o #]d7]E g
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(ex 8 @=6nC at 00, 0, 0)
V, = 7, where P(0.2, —0.4, 0.4)

(a) V, =0,
. Q
Ve = 4me,r
_ Q
de, Va? +92 + 22
610" 54
= : = =90V
X ==X 1070 % V0.2 (—04)P+042 V036
(b) V, =0, where Q(1, 0, 0)
Vp = Vopt Vo
47’[’60 T To
<1077
= 6x10 ( . —1) — 36V
s 51070\ 036
367
(¢) Vyp =20, where R(—0.5, 1, —1)
Vo = Vpp+ Vj
dreg\Tp TR
<10 °
- =10 (i— ! +20
06 /(—0.5) +12+(=1)?

1 _
Arx ——x107?
T 36

1 1
—54(m‘r5)

=74V

(S&AA 45 @Q=15n0C at O, 0, 0)
V, = 7, where P(—=2, 3, —1)

(a) V, =0, where P,(6, 5, 4)
®) V., =0
(¢) V; =5V, where P;(2, 0, 4)

AE il o Y x| A 7] F- sk _ 10 -
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45 Ot NAEIS] MYH: B HE

—t e 1

AR WHUAE JUA 1ZYoRE A A oI5ATIEd LA Y

P, (')
V) _/ l47r60|7' 7'|
R,

. A9
Rl
Vi = f E-dL
TaAYe G NEPow @ .
B

/EdL

« X Z7(conservative field); B =ZAof tjdt A& FHo] (

o

$roan=0 - clsgzstc T® > Kichhoffel A

st oA A7) sk - 11 — A A7) 8 (Electromagnetics)



ex 9 vV, =0
V, =7, where P(0, 0, 10)

(a) @ =20nC at O(0, 0, 0)

Vo=V, + V.,
20x10"?
e mant
TGO g —— %1072 %10

367

(b) PL=10nC/m at x=0, z=0, —1<y<l1

Py (r)dv'

ol 47reo|r— 7|
/ 47T60|’I"—’I‘ |

B f prdy
. 47r60|10a ya,l
= 10tané

~1 4me, V10 V10? +y? dy = 10sec’0df

V:

Pr f92 10sec’d db

B dmey J 9 10sect
b,

= / secd df

dmey J g

p ‘
=2 [In (sec@—i—tan@)]zz
dre,, 1

10* 42 '
<sect :Ty and tanf = f—o

e

N 4me, 10

10x10"° [m( \/ﬁﬂ)_ln( @—1”

10

1
Ar X ——x10"°
T 36

V101 +1
V101 —1

=10X9 XIn

=17.97V

V10° +y% =10secd

Audistn oy x| d7] gy - 12 - 2 24718k (Electromagnetics)



(¢) p, =10nC/m at =0, y=0, —1<z<1

p, (r')dv’
vol 4’/T€0|’I"— |

_/ 47T€0|’I’ 7'|
/ pudZ
| 4mey|10a,—2a,|
f+1 pd? 10—z =u
4 4me, (10—2") _

dz' =du
P f Uy du
N 47‘(‘60 U

V=

N 9
=— [1n9—1n11] = 10x9x1nH

Sk A RS P G b B v - 13 - 2 24718k (Electromagnetics)



46 HH T=
A=A AAS AZIE e Astdsp, — V

WAoo, V- F

V= —/E’-dL

AV = —F-AL
AV = —FEALcost
dVv

1L — Ecost

cosd =—1, & ALS| ®r3ko| Fo} whhwrard uj

el = F
L

1) A ¢ /‘ﬂﬂ«l 271 Aol ik 9] Wakao Hdig 2o
@) Ao Mt HAdige B Wkl A7t Srbske ¥ v o Aozt

— F =

S dLl Y
_dv
ANN

dutx oz ~7zbel T2RE HHE & A4S A5 =& Fl(gradient)gt 231, oh5-34
Zo] &gt
dT
Hf = = —
7] ) grad? = —~ay

B = —gradV

ov oV oV

St AV = —dx oyt ——dz
ox oy
dV= —E-dL = —Edr—Edy—Edz
B | G S G |
* ox Y Y 0z

et oy x| A7) ek - 14 - 2 24718k (Electromagnetics)



- A9 A=) AL
oV oV oV

vV = —a,+—ua +t, % (A Z=2A)
ox oy ¥ oz
4 1oV 8V o
VV = et et e (&&=
_ oV, rev o 1 9V 23
VY s Tt T ing a¢ (F=E2A)

. { Elsls (dlvergence) g > A7k}
% (gradient); iﬁa} > wlg

ex 7 V = 22%y—5z
(@) V=7 at P(—4, 3, 6)
V, = 2(-4)?(3)-5(6) = 66 [V]
(b) AAL] A7 ES] A719F B3 at P(—4, 3, 6)

E = —-VV = —(—az—i-—a-i-—az
ox oy ¥ oz
= —daya,— 2m2ay+5az [V/m]

Ep = 48a,~32a,+5a, [V/m]

|Bp| = EP+EHE? = V48 + (=322 +5 = 57.9 [V/m]

E 48a,— 32a,+ 5a
gr = T = o = 0.829a,—0.553a,+0.086a,

57.9
(c) AfrExtel Aol AEL=D
D = ¢E = (8854x10 ) - (—4aya,—24%a,+ 5a,)
= —35.4rya,— 17.71x2ay+ 44.3a, [pC/mQ]
d) AAE e W dAAHHAFLEE)

oDr oDy oDz ,
= . = = - 4
0, VvV --D " + P + = 35.4y [pC/m”’]

st oA A7) sk - 15 — A A7) 8 (Electromagnetics)



(ex 14) 101Z& S&9A 4.7
— I3 4.8

(ex 15) 101% oA 4.8

106 V

y= 00500 1) — g, a0, g=25°)
.
60sin60°
(a) Vp = — = 5.773 [V]
oV 1oV 1 oV
(b) Bp = =VVI, = (W%—F?W% rsinf a—qﬁa”)P
_ _(<_2) . 605§n0 ar+l . 600(2)59 ao)
T r T P
2 X 60sin60° 60cos60”
B g v g
= 3.85a,—1.11a, [V/m]
dVv
(C) dTV at P
ave _ B = V385+(—1117% = 4.006 [V/m]
N,

(d) & PAA ay

_ _ E
Qyp — ~“Ogp — _WP
3.85a,— 1.11a,
N 4.01
= —0.96a,+0.277q,
(e) A PolA p,
sinf cost
D = ¢F = 120607047,—6060Ta0
_ 18, 1 9, 1 oD,
pu\p =Vv-D, = 2 ar(TD’")Jrrsiné’ 20 (Sln9D9>+rsin9 0,
100 120¢,sinf 1 9 —60¢e,sinfcostd
N ?E T rsinf 80 » »
120¢,sind 60e
- _ 04 . (o’ —sin0)
r r°sinf P
60¢ 20— sin20
_ 40[2Sin9+ cos . sin ]
r Sll’l@ P
< 8. 4><1 —12 2 o __ 2 O
_ _ 60 8854 0 2><sin60"—cos 60‘ s{l}n 60
3 sin60
= —7.57 [pC/m’]

B h=hel A B PR P a i - 16 — 2718} (Electromagnetics)



4.7 T|=AL

17

A7) 8=AHelectric dipole); Z7)7F 23 B35} vl T A A7) e Aol 2454
shtel dAAE A

4.8 FTH L AIHUAIE=

1
Wy = 5] lPquU
1
= — D - Edv
2 vol
1
= E/UOI(—:OEQCZU

(ex 13) 113% oA 4.11

Wy,=71n 0<p<a, 0<¢p<m 0<2<2

a
F = —vVV = —(a—pap+—a—¢a¢—|—¥a%
_ W
T T %
1 2
Wy = - | eFEdv
2 vol
2
1 2 pmofa f
N 5/ f €9y pdpdgpdz
0 0 0
e, V2 a
70—2><2><7T><—p2
“ 0
’7T
- 560%2 [J]
AE il o Y x| A 7] F- sk 7 -
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