Q@
F -
F:leQQZ 1 QG
R? dme,  R?
1 1
7] & = =8.854x10" "% =~ —x10""’
4714, k e 0 8.854 <10 26 <10 F/m

; AHE7Ee] -4 & (permittivity )

«A3e] ©@9]; C(Z%, Coulomb)
22} A e =—1.602x10° Y C
1C =—6x10"% C =(6x10")(1.602x10"'?)C

1 1Cx1C

-~ =9x10'N = 1007H=
(Im)

dme,

A7 WIHFEA 18 2.1
1 Q& o1z

= a
dme,  RY 12 0,®

Ry, _ &2: To™ T
|Q2| R, |7'2_7'1|

2

047]/\1, Q10—

1 QG
N 4me,, [2221
1 QG

- 47'['6() R122 (_a12)

1 a9

-5

AY g3 H7]FG7 - 1=

ZHA}7] 8} (Electromagnetics)
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(a7l 2.1) @ =3x10""C at M1, 2, 3), @, =—10'C at N2, 0, 5)

Ry, =ry—r =a,—2a,+2a,

R, a,—2a,12a, a,— 2a,12a,
a = = =
YR, P4 (—2) 42 3
R = Q 0. — 3x10°*(=10"") (@, 2a,12a,
- L 2 %12 -9 3
4 Ry, 4 (1/36m)10~ 7 <9
_ 4 ( a,— 2a,+2a, )
= -
Q Q) Q Q.
F,=F, = 1'%2 192

B 47T60R221 1 = 47T60Rf2 12

(ex 1) @ =2mC at P,(3, —2, —4), @, =—5uC at P,(1, —4, 2)
@) Ry (b) | F|

@) Ry, =ry,—m =—2a,—2a,+6a,

R, —2a,—2a,t 6a, —2a,— 2a,t06a,
a = = =
PRy (2P (226 Va4
Q@
2 [N]

=———a
2 Y12
dme 2y,

_ 2x1073x(=5)x10"¢ —2a,~ 2a,+6a,

47(1/36m)10™ Y x 44 V44
2a.+ 2a,— 6a
=204 —2 ¥ %
V44

= 0.616a,+0.616a,— 1.848a, N

) |F| =|F| =V0.616+0.616*+(—1.848) =2.04 N

(S&oAl 2.1) Q, =20uC at A(—6, 4, 7), Q, =50uC at B(5, 8, —2)
(@) Ryp (b) R, () F,
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2.2 ™AL M7
<3t Qo 9AE A A29 A3 QE Awe A NA =
— @l 9g o] F(A)(force field)o] =AY

oo

= et

&G,

— QE Q= HASHH F, = a

QQ Qf t 471'60}313 1t

AgAste] e Agete 9 &y

B @ e : " l
— = 5-a,, — AAA7](electric field intensity) £

/ dre L2,

F ) o

_ap V/m (A3 — A7),

Origin

e p— a =
@ dre, R, 1t dme R

(ex 2) @ at O(r=0, =0, ¢=0) — r =723 ZAA9 E?

= Q %

— Qw =
47T60R2 & 4T580 f12

a,

(ex 3) Q at Ox=0, y=0, 2=0) = Pla=z, y=y,, 2=2)N42 E ?
R = x0,ty,a,+ 20,
:claz+y1ay+zlaz
Gr — 2, 2, 2
vty 21
Q Q xlax+ yla’y+ 2@,

E= ap =
4me, R® 471'60(15‘% +y + z?) Vi +oyt +27

(ex 4) @ at O, ¢, 2') — Plz, y, z)olAe E?
R=rpry,=(@—2")a,+(y—y )ay—i- (z—2")a,

R _ (x—:v')a$+(y—y')ay+(z—z/)az

TR o Pty P2 )
Q Q

pr— a pr—
dme R 27k 47T€0R3

_ Qllx—1")a,+(y—y)a+(2—2)a,
Py e g e e
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(ex 5) @, at r, @, at r, = rollAe] E?

@ a,+ “ 1
47T€0|’I“—’l"1|2 ! 47r60|'r—r2|2a2 —

E =E+E,=

(ex 6) @ at 7, @ at ry, =, Q, at v, = rQl LA E?

F =E+E+ +E, E, e
r
= @ a+ @ +---+¢a
4’/‘[‘60‘7‘*7‘1|2 ! 47T€0|'7'*’l"2|2a2 47‘(‘60‘1"*7‘“‘2 "
_ n Qm .
m,=1471'60|7‘—7'm|2 m

r-r3

Py1,-1,0) oy P LD B LLi

P,(1,-1,0) Pi(1,1,0)
(oAl 2.2) 3 nC at P, (1, 1, 0), 3 nC at P, (-1, 1, 0),
3 nC at P,(—1, —1, 0), 3 nC at P,(1, —1, 0),
— EF=7"at P, 1, 1)
4 4 Q
E=>E, =) —m|2am

m=1 m=1 47760|7'_7'm

m 1471'60‘7'—7‘ |2 |7‘_7' | m=1 4me |r—r ‘3
o Q r—r Ty T—Ty r—ry
I e N e R e R e

where, r—r; =a,

r—r, =2a,+a, |r—mr,| = V2417 =5
r—ry =2a,t2a,ta, |r—r1| = \/m =3
r—r, =2a,+a, |r—ry| = \/m =5
_ 3x107"? a, 2a,ta, N 2a,+2a,+a, N 2a,+a,
Ar=<8.854x10 |17 /57 33 N
= 6.82a,+6.82a,+32.8a, V/m
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(ex 7) E at M(3, —4, 2)?
@) @ =2uC at P, (0, 0, 0)

Ty T =3a,—4a,1 2a,

|rami| = V3 +(=4)+2° =29

g —_ @ _ & I'y— I
M~ 2 A 12 | _
dmeg Iy, dme| ry—1y|° |14 1y
2%x10° ¢ 3a,—4a,+ 2a,

47 - 885410 12+ 929 V29
3a,— 4ay+ 2a,
V29

= 345a,— 460a,+230a, V/m

=620 V/m

(b) @, =3uC at Py(—1, 2, 3)
Ty Ty =4a,— Gay— a,
|rarra| = VA (6P + (=17 =53
Q Q Ty To

B 47r60l?22M I~ 47T60|’I"M—7'2|2 |7'M_7'2|

23

3x107° 4a,—6a,—a,
47 -8854x10 2.53 /53

= 280a,— 419a,—69.9a, V/m

() @ =2uC at P,(0, 0, 0) and @, =3uC at P, (-1, 2, 3)
By = Byt By
= (345a,— 460a,+230a, )+ (280a,— 419a,— 69.9a, )

= 625a,— 879, +160.1a, V/m
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(&8 2.2) Q, =—0.3uC at A(25, —30, 15)cm,
@, =0.5uC at B(—10, 8, 12)cm,

E =7 at (a) ¥4 () P(15, 20, 50)cm

(S&AA 2.3)

1+ (1) S (0.1)"+1
(a) 272 ) <b>27( )215
m=0 m +1 m:1(4+m)4
Ay z A d7] & q¢ -6 -

ZHA}7] 8} (Electromagnetics)



A&7} Ho] ol HIE 71X 3Z — AA
_Q _AQ _ o AQ
o=y T Ty T AT im
Q=[] d@= [ pdv
vol vol
—> = ia
47T60R2 ’
Q r—r

dme, | r—1"|? lr—7'|

f Py (’I'" )dl), ,
vol r—r

B 47reo|r—r'|2 lr—7'|

() (r—7")

vol  4mey|r—1'|?

(ellAl 2.3) L7 2.5%F o] A HAsLET} p,

WA 2 1 cm@l AApd el s @

o= a@=[ pav
vol vol

= —5x10" %"~ 105”Zpdpd¢dz

vol

—5x10 S 107

2=0.04 p=0.01 .
/ f / —5x10" %™ pdpdedz
=0.02Y ¢=0

p=

z=0.04 p=0.01 5 ¢=2m
=—5Xx10" / f e 10 ”Zpdp(/ dqb)dz
=0.02 $=0

2=0.04 p=001
=—5Xx10" / / e % . o1 pdpdz

=0.02

oo
=—10 7T/ p
0

p=

-~ p=0.01 1 s z=10.04
=—10 57Tf p{is e 0 ”2} dp
p=0 —10% 2=10.02

z=0.04 5
/ e 10 pz)dzdp
=0.02

z
10 p=001 4000 2000
=10 7r/ (e F—e p)dp

AY g3 H7]FG7 -7 -

e E(p, C/m*)E FA

C/m?e]aL, Aol 2 cm,

' z=4cm

- p. =8¢

~10%

? uCfm?

.\ z=2cm

p=1cm
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—4000p e*ZOOOp p=0.01
=10107r[ — }
—4000  —2000,_,
=10"10 e e )_( 11 )}
— % T 4000 —2000/ \—4000 —2000
1 1
~ 10710 (___)
0\ 2000 ~ 2000
1
S T
Sl ( 4000)
=—4—TE)10*12
T
——0.0785 pC

(&4 24) Q="

(@) 0.1 < lal, [y, [z £ 0.25 p, =

1’3 yd z&

M 0=p=01, 0=¢p=m 2=p=4; p, =p’2’sin0.6¢

—2r

e
© 955 p, =

P
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2.4 MH™siol 2lsk HA
A7k Aol ol ghel flol W - HHSUE(p, ¢/m) T A

_Q _AQ . AQ _dQ g
L= T =y o= limege = e

=fldQ=flpLdl

Q B Q r—r

a =
47T60R2 " 47T€0|’I‘—’I’"|2 lr—7'|

/ p, (r")dl ,
! r—r

B 47T60|’l"_’f"|2 lr—7'|

T ()l (r—7")

| Ame,|r—7|?

(ex 8) 2% —ooollX +oo7bA] AABEE p o] a7t LA ExH o Y& o, 2
Foll ptd "ol oMol AAAT=2(18 2.6)
r :pap
’r" :Z,az
R=r—1 =pa,~“a,
R=p +2"?
p, (@)l (r—7")

1 Ame|r—|?

/ +o p,dz' (pa,—2'a,)

© 47r60 0 —1—2'2)3/2

+ co prdZ
:/ S e
— o 47r60(p +z )

L 2
2megp *

sl o) AL Al7]= Aele] Aol vkl sk Rl

AHske] Ag-ole Aol vl
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E =7 at (@ P,(0, 0, 4) (b) Py0, 3, 4)

2.5 MHMSHEXSH Ol 2lst HA|

»A37F Aol obd el EE — WAHINLE(pg C/m*)E EA

Q AQ | . AQ _ dQ
=—= =— =lim—% = 5¢
Ps =g T Ps T ag T Ps T IMTAG TS
Q= [ @ = [ pos
S S
oom. @ _ Q r—r: . Ps
47T60R2 47r60|1"—7"|2 lr—r'| 2¢, v

Astell elgk 7Ale] A7)E o= el At 1 Av]s} Wge] P,

—n
ot
)

(&&AA 2.6) pg =3nC/m" at z=1 & pg =—8nC/m" at 2=4
E=7at (@ P,2 5 —5) (b Py4, 2, —3)
(©) Py(—1, =5, 2) (@ P,(—2, 4, 5)
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2.6 MAIC] ;M (streamline) 1} 2AAHIX]

Aab7k EAetd FRlel vh=A] M7 E )

A
A T V4
71l Ay A7IEA = AB A (lines of electric forQ\T/ \\T//

A& e S (flux line) T OT— +F71\_«>4*
HFakA (directional line) / l \ * | R
2 (stream line) @) (:)

(© @
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