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o AlS{ Xl - X0

= I — By o

S 29| HEl (Coulomb’s Law)

& E= XtgS2ELHOA 5 7He| St AKXt AFO|e] el 2 2h2te| YUXI7}E 7K 11 Q= HStHEH| H |
St 3= AtO|Q| HE|e| M| of| Bhd|2d| ot}
4 )
F = 2% Q1,Q,  BMIS0| ZH= M, 22 (coulomb, C)
| R | R : 24| Ao|| 2], O|E{(meter, m)
<% kA
k =— X9 27te] R E(permittivity), (farad/meter, F/m)
10> 4o
~ 47, R2 g0 = 8.854 X 10712 ~ —x 1077 [F/m]
g J
R NeWtON, N)
.« M3l £H9|; C(2E, Coulomb)
- MXte| Mot e = —1.602 X 10719 C
-1C=—6x10%8eC = (6 x 1018)(1.602 x 1019 C
-F =L X0 9% 109N ~ 1002HE

41Ey (1m)?
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2.1 =259« HA - o]

(oIxl 2.1) ® M(1,2,3)0 Q; = 3 x 107*[C], ¥ N(2,0,5)0 Q, = —10~*[C]2! ™5}

t Atr S 2ol A UL @10l 2o A @, 0l 71l K= & = Ftolet.

Ry, =r,—-1r,=(2-1a,+(0-2)a, +(5—-3)a, =a, —2a, + 2a,

da = = =
12 7 Ry, J124(—2)%+22 3
. )
~Fy = ame RZ. Q12
0f™12
_ 3x107*(-107%) (ax—Zay+2aZ)
 4m(1/36m)1079%9 3
a,—2a,+2a
= —30 (2=2"%%) = —10a, + 20a, — 20a, [N]
F. = —F, = %192 _ _ U@
1 27 4meyR2, °21 amegR2, 12
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2.1 =259« HA - o]

(ex 1) Q; = 2mcC at P,(3,—2,—4), Q, = —5uC at P,(1,—4,2)

(@) Ry, (b) |F,|
@Ry =1, —1; = —2a, — 2a, + 6a,
S Ri> _ —2ay—2ayt6a, _ —2ay—2ayt6a,
127 Ry, J(=2)Z+(-2)2+62 Va4

~F, = 0 a;, [N]

- 2

_ 2x1073%x(=5)x107°® —2ay—2ay,+6a,

41(1/36m)10~ 2% 44 V44 [N]

= IN]
= 0.616a, + 0.616a, — 1.848a, [N]

= 2.045

(b) |F,| = |F,| = /0.616% + 0.6162 + (—1.848)2 = 2.04 [N]
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(22dd 2.1) Q4 = 20uC at A(—6,4,7), Qg = 50uC at B(5,8,—2)
(@) Ryp (b) Ry (C) F,
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2.2 TA 12| M7

A5t Q8] #IXIE 1E5HA H|22]| W5t @,= ot ?{X|0|ME &= &=Lt
Q1 2

— Q.01 2|5t &l o| EH(A|)(force field)0] =Y

— Q5 Q2 LhA|SIHF, = . A

41rE0R2,

Al ool tHe|HotE 21 85h= &

Q
Fy Q i . _ ', ¥, z')
= —1_a,, —> MAM|7|(electric field intensity) E r

HA 2| MI7]| (the electric field intensity: Mt — 7| %)

F; Q1 Q o

= A = ap [V/m .
Qt 47T80R%t 1t 4-7T£0R2 R [ / ] Origin

S FE =
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2.2 TA 12| M7

(ex2)Q,at0(r=0,0 =0, = 0) = r =, 2 ZAHA 2| E?

Q &
a

E = -
4egRZ "N 4mreyr?

r

(ex3)Qato(x=0,y=0,z=0)—=P(x =x,y =y,,z = z,)H M2 E?

R = xja, + y;a, + 734,

Vxi +yf+ 2

aR:

Q = Q X1dy + ylay + Zidy,
- .
Ae R? dmeo(xf +yi +27)  [x2 4+ y2 + 72

S FE =
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2.2 TA 12| M7

(ex4) Qato(x',y',z") = P(x,y,z)HIX 2| E?
R=rp—1p=(x—x)ay+(y— y,)ay +(z —z")a,

_R_(x—xa,+(y—y)a, + (z—2)a,

TR Gt 0yt 2)

. Q 9, — Q R = Q(x — x’)ax + - y’)ay +(z— Z’)az] E
" 4megR2 TR 4megR3 T 4Ameg[(x — x)2 4 (v — y)? + (z — 2)?]3/?

R=r-—-r

Origin
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a;

Q>
4‘77:80 |I‘ — I‘2|

a, +

Q1
4‘77:80 |l‘ — I‘1|

E=E,+E,

Div. of Energy and Electrical Engineering, Uiduk University



2.2 TA 12| M7

Q,atr;, Q,atry, =+, Q, atr, = r2l ZHAM E?

E=E, +E, ++E,

Ql QZ Qn

= a; + a + -+ a
deglr — 1| ¢ 4dmeg|r — 1| C Areglr — 1| "

n
s
= am
Ay |r — 1y |
m=1
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2.2 TA 12| M7

(odIA| 2.2) 3 nC at P;(1,1,0), 3nC at P,(—1,1,0), 3nC at P;(—1,—1,0), 3nC at
P,(1,—1,0),— E =?atP(1,1,1)

4
E E r—r3
- z m \ Py(-1,1,0)
— Py1,-1,0) gu. PLLY 7 _/E,
e e r-r, -

4 /// -~ > )
_ Qm a l._rl///
— m //

imeglr — vyl = 1
=1 P, (1,-1,0) Py (1,1,0)
4 4 X
Om r-r, _ Om T —Tn

4-7T€0|1'—1'm||1' I | B 4T |1 — Iy |
m=1

r—r; r—rz N r—r; N r—r,
47T<°'0 |1'_1'1| Ir—r;|  |r—r3| |r—or
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2.2 TA 12| M7

4 r-ry r-r, r-r; r—ry
E = Yot Bn = 1| i+ el
 4me Llr- r1| lr— I'2| Ir—r3| = [r—ry]

where, r—r; = a, r—r|=1

r—r, =2a,+a, r—r,|=v22+12 =+/5
r—r;=2a,+2a,+a,|r—r|=v224+22+12=3

r—r,=2a,+a, r—r|=v22+12=+/5

_ 3x107° az+2ax+az+2ax+2ay+aZ+Zay+aZ
4T x 8854 x 10-12 |13 5 33 NG

= 6.82a, + 6.82a,, + 32.8a, [V/m]
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2.2 TA 12| M7

(ex 7) E at M(3,—4,2)"?
(@) Q; = 2uC at P,(0,0,0)

ry — I = 3a, —4a, + 2a,

Ity — 1y | = /32 + (—4)2 + 22 = /29

B - Q a. = Q1 Iy —In
M 4ne0RfM R 4treg|ry — 1y [ty — 1y |
- 2 x107° 3a, — 4a, + 2a,
47 -8.854 x 10-12. 29 V29

3a, — 4a, + 2a,

V29
= 345a, — 460a,, + 230a, [V/m]

= 620

V/m]
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2.2 TA 12| M7

(b) Q, = 3uC at P,(—1,2,3)

Iy — I, =4a, —6a, —a,

Ity — 1, = 42 + (=6)2 + (—=1)2 = V53

CE.. — Q - Q1 'y — I
~Eom = R =
41regR5y, Amteg|ry — 1y 1y — 15

B 3x107° 4a, — 6a, — a,
47 -8.854 x 10~12. 53 /53

4a, — 6a, —a, :
V53
= 280a, — 419a, — 69.9a, [V/m]

= 509

V/m]

Div. of Energy and Electrical Engineering, Uiduk University a



2.2 TA 12| M7

(€)@, = 2uC at P;(0,0,0) and Q, = 3uC at P,(—1,2,3)
Ey = Eiy + Ezpm
= (345a, — 460a,, + 230a,) + (280a, — 419a, — 69.9a,)

= 625a, — 879a, + 160.1a, [V/m]
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2.2 TA 12| M7

(28018 2.2) 9, = —0.3uC at A(25,—30,15) cm,
0z = 0.5uC at B(—10,8,12) cm,
E=at (a)3H (b) P(15,20,50) cm

(22| 2.3)

1+(-1)™ (0.1)™+1
(a) Z,Snzo m2+1 (b) ;Ln=1 (4+m?)15
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2.3 AEXQ ME Moz 200 2t HA

M52 Mol ol RI|E 74X 22X — HEHHMSHEUE (p, [C/m3]) E EA|

’ AQ AQ dQ
- — = —_— > = — = —
Pv =7 7P = 2y TP T a0 T dw

" Q= dQ = j lpv dv [C]

vol

Q

N 41reyR?

- E a,

Q r—r'

" 4meg|r — | r — 1|

~ JyrPo (FNAV T =¥
Ameglr — 1’| |r—1r'|

_ j py(r)dv'(r —1')
vol

Amrey|r — r'|
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2.3 H&=ol HIEHsHEEO| o|3t T

(G| 2.3) 12! 2,59+ ZH0| MIMHSHUE Tt p, = —5 x 1070 10°P7 [C/m3]0| 12, Z40] 2 cm, BHXIE 1 cml FRtIof
ST Q7

[§]

Q= dQ = j py dv
vol vol

= f —5x 107%e"1°PZpdpddz
vol

2=0.04 (=21 p=0.01 .
= j —5x%x107%e 192 pdpdpdz
2=0.02

$=0 “p=0
z=0.04 ~p=0.01 . ¢p=2m g \
=-5x10"° f e~ 10°PZ pdp (f dqb) dz | ) =2 cm
z=0.02 Jp=0 ¢=0 \ I‘\y/
~___ | p=lcm
z=0.04 p=0.01 )
= _5x 106 e~ 10°PZ . 2pdpdz
z=0.02 “Yp=0
p=001 / 7=0.04 > )
= —10_57Tf p f e~ 10 pz> dzdp
p=0 z=0.02
p=0.01 1
=—-10"°x p _1°5pZ] dp )
p=0 _105,0 *

Div. of Energy and Electrical Engineering, Uiduk University @



2.3 H&=ol HIEHsHEEO| o|3t T

(iR 2.3) 2 2,59 20| HIHHBIUETtp, = —5 x 1075 710°77 [¢/m3]0| 1, 20| 2 cm, #HX|S 1 cm@! HAHEL)
ST Q7

[§]

Q= dQ=Lolpvdv

vol

z=4 cm

(7 0.01 1 s
=-10""m o p [_105,06_ PZ] dp

=0.01 i
— 10_10”] (e~4000p _ 5=2000p) g -« p, =517 yC/m?
p:

0

p—4000p  ,—2000p /// \
—_ 10-10 / -9
10 "[ ~4000 —2000] ( ~., z=2cm
~___ | p=lcm
-20 1 1
=101 —
—4000 —2000)  \—4000 —2000
1 1 1 =7
~ 10710 — =107 . [ ———
0 7T<4000 2000) " < 4000>
=102 =" ¢ = —0.0785pC
40 op P

Div. of Energy and Electrical Engineering, Uiduk University 9



2.3 A& HQI KX}

—

(280X 2.4)0 =

(b)OSpSO.1,0S¢Sn,2SpS4 p, = p?z%sin0.6¢
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Q Q r—r

- E

= d, =
4megR%2 " 4meylr —r'|2 |r — 1|

e @Al r—v
 4meglr =12 |r — 1|

_ f p,(r)dl'(r — 1)
l

Amreyr — r'|3
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2.4 AAFsto]| 2fet HA|

=9[ —000| M +ooZt K| TSR p, O TSIF # Lo S E|H s W, z=0|
M pRt= BT 20| M TAIMZ]?

aqQ
dE = AmeyR? R
_dQ(r—r’) s 2
 4meg|r —1'|3 dQ = p,dz’
r =ya, = pa,
r'==za,

— ’—
R=r—-—r =pa,—za,

prdz (r—r'") . p )
 4mey|r—1'|3

Div. of Energy and Electrical Engineering, Uiduk University e



2.4 MHSH0]| 2|5t M A

dE = 49 _dQ(r—r")  pdz'(r—r’) dQ = p,dz'
= 4-7T€0R2 agp = 4-71'80'1' — r/|3 — 4_7-[80'1. _ r/|3 r=ya, =pa, I =za,
szr_r’:pap_Z’az J

dE = ,ULdZ’(pap — z'a,)

Areg(p? + z'2)3/2

dz’
dEp — PLP
4rey(p? + z'2)3/2
- [ pupdZ , \
) Ameg(p? + 2'2)3/2 dx x

.[(OL2 + x2)3/2 - Na t 2

_pp 1 z' )
B 4-7'[80 pz \/pz + 7’2 E, = pL [V/m]
— P anop
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2.4 LTstof| ot FA|

o de _ dear-1) _pdZ-r)
T 4megR?2 R T 4meylr —r'|3 T 4meg|r — |3
dQ = p,dz'

r =pa, + za, (80,2 |

r'=z"a,

R=r—-r'=pa,+(z—-2)a,

R =\/p2+(Z—Z’)2

pa, + (z—z')a,

R Jp2+ (z—z')? —/454

Div. of Energy and Electrical Engineering, Uiduk University e



2.4 LTstof| ot FA|

® pdz'[pa, + (z —z")a,] p 0 pdz'a ® (z—2z")dz'a,
o= [ “snalL et L }

w 4TEg[p? + (2 = 2)2]3/2  4Ame, p?+(z—2')? p? + (z —z")?]3/2
_ PL 0 1 —(z—2") a n az > j - dxz 75 = *
— + Z 1 o2
aney | |7 P2 Jp? + (z — 2')? p o JpZ+ (z—-2')? » (a? +x2) ava? + x
4-7T€0 [_ A ] Zneop 4 (0,0,2)

PL
2TCEYP

E =

a, [V/m]
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2.4 AF5H0] 2f et T A|

(88048 2.5) p, = 5 [nC/m] at x= & y=
E =?at(a) P4(0,0,4) (b) P5(0,3,4)
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dy’ xdy'
dE =dE-a, = Ps?) cosO = Ps > y,z
2meg X2 + y'2 2mEg X° + Y
©  ydv' 1
E, = Ps f 2 ylz Ps |an-12| —_Ps
2TEY J_ o X“+y 2T x| 2TE

Ps
E =
2TTE

ay [V/m]

Div. of Energy and Electrical Engineering, Uiduk University
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||) x <0 E+=—2—80ax —zgoax
_ bPs _ Ps . — _Ps
i) 0<x<a E, =, a E_ = a ~E=E, +E_=""a,

(2E8dX 2.6) ps =3nC/m?atz=18&ps = —-8nC/m? atz =4

E =?at (3) P4(2,5,—5) (b) Pg(4,2,-3)  (C)P-(—1,-5,2) (d) Pp(—2,4,5)
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M OF M (flux line) \

* T P
3tskM (directional line) \1 / \\T//
S M (streamline) T~ “_‘)_/I\_:_"

¥ N
GRTEN v
SEIER N
+ ot U= XLEREH H XOE SdH N ; A }
o 2O|M - o7} Qs ROR BuE \EK/ _ k
— M7 M At Q| ZtA D M| Ee| M7|= HHH| 2| / l \
r'e N

¢ \

(c) (d)
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