4. Electrostatic Fields



4.2 Coulomb’s Law and Field Intensity

Coulomb’s Law
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Figure 4.2 (a), (b)Like charges repe(c) Unlike charges attract.
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4.3 Electric Fields due to Continuous Charge Distributions
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A. Line Charge
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B. Surface Charge
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C. Volume Charge
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Integrator of Spherical Coordinate
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4.4 Electric Flux Density
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4.5 Gauss's Law-Maxwell’ €£quation

G a u s s Ostates thatvtheotal electricflux (density)throughanyclosedsurface
Is equal to the total charge enclosed by that surface.

— 4.39
Y =Qenc h h ( )

y =y =D @S
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4.6 Applications of Gauss's Law

A. Point Charge

Q=D (IS=D,fiS=D,4pr? (4.44)
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B. Infinite Line Charge

r |_|_ = Q = ﬁbl (mé
=40, & & 05+ 3D, 4§ 8,)05+ D, 4,48
= 4D, dS Z
=D, 2p L (4.46)
h Line charge p, C/m
p=TL 8 (4.47) - L
pr
[‘ZI I __—~Gaussian surface
AT
|1 P
| |
| |
1
-~ K

/ B



C. Infinite Sheet of Charge
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D. Uniformly Charged Sphere

Drca

Qenc = vaAV=ry fV=T 7o - fio r”sincdrdqdf
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Ex 4.9 m
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= A4pr? dr
S
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2
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4.7 Electric Potential

dW=-F@IL =-QEQL « (F=QE) (4.58)
ah.h
W =- QR E Gl
h. h
Vag ! =-REGL [JouldC=volf] (459
Q
h. h
Vag ! %: -BEal [JouldC=vol] (460

Theelectric potential differencebetween points A and B is the total work done

per unit charge in moving the charge from A to B.

AV,g < 0 (>0) : Potential energy loss (gain) in moving Q from A to B.
AV s is independent of the path taken.
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mv?2/2+ mgh =cst
mv?/2+ Fh=cst

D

44



Figure 4.18 Displacement of point charge Q in an electrostatic feld
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(463 V=2
4p gr

V=-pEQL (4.64)

V(r) = Q : (4.65)
4p glr-r]

V(r) — Ql + Q +(ID‘ Qn
4p glr-n| 4p glr- | 4p g|r- 1y |

V(r) = 1 er{ Qi (pointcharge) (4.66)
4p gr=alr- el

V(r) = 1 ﬁlr'—(rl)f:"' (linecharge) (4.67)
pg = [r-r]

V(r) = 1 @rS(r')qS (surfacecharge) (4.68)
4p g |r-r]

V(r) = 1 ﬁ/rV(r')C'N (volumecharge) (4.69)
pg " [r-r]
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V:4 +C (
PR
V=-pEQL+C
gh
VAB:VB VA:-[)\ECM

) (4.70)

(4.7])

48



Ex 410 V=?at(1,0,1).] b/ Al V=0.

Q, =5nC at (0, 4, - 2)

*x E=. Y o olV=?at(1,01
Q =-4nC at (2,- 1,3
V=2
4p gI - r1| 4p g - r2|

CO 0« V(r)=0

P R=leon- @-19=(11- 2=
PR =160,D- (0 4,- 2)=[L - 4 3)|=26
10°° &4, 959

10 2 /6 \/76H
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36p
=.5.872 kV
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Ex411 (B’ ~F& " T 0.

(a) V(0,0,0=C" =, VatA(5,01)L  a.

. Z ry =2nC/mat (y=14z=1
_ o~ Q chdr L (y )

_-w r r 1] _
o @=5nC at (-3,4,0)
_ Q +C, "

~— X
VL - - n:COIL ° A(S’ 0, 1)

_ o~ T hc'g h r h

Ty & @dr 4.47) D =—t

P& « (@40 2p rar
=. L Inr +C,
2p g
V=V,+V =- "L nr + Q +C
2p g 4p &
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__ I Q
;%0:‘(0’ 0, O)'(O,l,l)‘:\/ég V=-—Lnr+ +C

2pg  dper
%0=[(0,0,0)- (-3 4,0) =53
.. r o
=((5,0,D)- (511 =1 O Vaz=- L |nr i C
%( )- (5,1 1) ; op604p%
= 5,0,1' -3,4’0 :9_
&Fa =[(501- ( )| =95 Coos Lo, ©
Zp@ 4p g
_ 'L Q
Z r, =2nC/m at (x,1,1) Va =- 2 @InrA p™ @rA+C
o /fo‘/ Q=5nCat (-34,0) _ T |nrA+ 0 21 _ 13
0 ; ZpQ I'o 4p QérA roa
” ) =36In/2- 4
A(5,0,2)

=8477V
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(b) V=100 at B(1,2,1) ® =, vatC(-253)L A .

&p=|(120- (1L11= 9
Rg=[(1.2.1)- (-34,0[=v21 9
Rc=[-2.53- (-2 =200
Fc=|-253-(-34 0)| =119

Z r. =2nC/m at (x,1,1)

11
/; . .Q=5nCat(-3,4,0)

Oepr2y’
*Cc(-2,5,3)

V =- Q +C
2p6 ap gr
C:VB Q
IOQ 4p g
r Q
VC:- . |an+ +C
2p g 4p grc
e 2
__ "o fey Q e1 10
2pg rg 4p 6é'c ey
=36In/2- 4
=-50175V
Ve =49825V
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(c) V=0 at 0(0,0,0) ® 3, v A

~

MJ Oft «—\NIE, 1. =+

Vec=V Vg
= 49.825-100
= -50.175V

s

n Qo.
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4.8 Relationship between E and V: Maxwell’

£quation

VaB =- VBa 0 h
VﬁA -||:]VAB - @‘VECD“_ =0
FEQ@L =0 (Maxwellsequation (4.73

Apprlllngﬁ‘%rokess theorehm
FEQL =[R2 E)Q@S=0

h
b3 E=0 (Maxwell's %quatior) (4.74)

**DsE:-“f
U
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dV =-EQL =- E,dx- E,dy- E,dz

av =R ax+ W gy BV g,
Xy 2

= W

& MX

e \V

ok, =- T (4.75)
- My

%z = - MV

¢ Mz

h

E=- &Y (4.76)
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P3 E=0 (Maxwell's equatior)
b3 (-bV)=0

n n n
dy dy &

T L N 0
WX Wy Mz
U\ V\VARN\V,
WXy Pz
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Ex4.12 4 =" THU 7l

(@) A at (2,8/2,0) _Qﬂg +}ﬂh+ l Whao

a\
S rpg 0 rsing pf g

20 . h 10 b+ Wil
== sinqcos a; - Fg@ﬁcos‘aq + 5 sinfe

h "h
D =¢eE

= 2.5e0<t31r
=221 pC/m?

h
E=- B =

(b) A(1,30°,120°Y A B(4,90, 60°)T 10aC# n N |y M
B n. n
W =-Qp EQL =QVag =Q(Vg - Va)
= 102%)sin900 cos60° - 0sin30° cos 20° 81076
¢cl6 1 -

=28125m
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4.9 An Electric Dipole and Flux Lines

(Natural matters contains both positive and negative charges (protons & electrons)
(HCI : H (hydrogen) somewhat positive, Cl (chloridé)somewhat negative)

V = Q é,l i?— Q é,rZ'rlg

X T o= (4.77)
40 &1 20 4P 68 M2 U

v=1Q dcgs‘ﬂ (4.79)
pe r

h, N |

Pl Qd(Cm) (Dipolemoment) (4.79)
h.

v = PR (4.80)
ap g

V(r) = BQPP) (4.81)

ap gIr- I'F
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h
E=- B/ =- e}J.Vh }ﬂh? « (4.78) V = Q dCZSC]
3ur rpyg pe
Qdcosqh stmqh
a +=— 1
2|O g 4p gr°
h
E= (ZCosqar+S|nq aq) (4.82)
4|0 g
Z
F)
M
+Q F2
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(a4 % mfo ¢ ATAO[OER |

Flux line
Flux line
L/‘\\ V>0
’ 7.

//\ Equipotential
surface

Equipotential
surface e

T

Figure 4.21 Equipotential surfacefer
(a) a point charge an() an electric dipole.



Ex 4.13 Dipole (0,0;5) nCm at (0,82), Dipole (0,0,9) nCm at (0,0/3)
L)/ A'"' S — €7

- Ilkdl
(4.80) V = &
—1 4p @rk
h h
1 eplCPerchzg
4p @8 rl r% B
h

1 =(0,0,0)- (0,0,- 2)=(0,0,2), r,=2
N =(0,0,0)- (0,0,3)=(0,0,-3), r,=3
1 &10 27
9e— 3 3ﬂ 3107
4|010 28 33Y
36p
=.2025V
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4.10 Energy Density in Electrostatic Fields

WE = Wl + W2 + W3
=0+ QyVy1+Q3(V31+V3y) (4.84)

WE - W3 + W2 + Wl
=0+QoVo3+Qq(Vin +Vi3) (4.89

2Wg = Qq(V12 + V13) + Qa(Vo1 +Vo3) + Qz(V31 +V3))
1 QVy +QoVy +Q3V3

WE = %(Q1V1 +QyVo +Q3V3) (4.86)




Fig 4.22 Assembling of charges.
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WE = 1 (Q1V1 +QoV5 +Q3V3) (4.86)

1 n
WE =— a Qi (4.87)
2k
1 .
=5 —fr L VdL (inecharge) (4.88)
WE —%ﬁ '“Vd X (surfacecharge) (4.89)
WEg —%ﬁ R \m X (volumecharge) (4.90)
1 .h
W = 5 ;j (B D) Vdv (4.91)
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3 1_,..h
%4.90) Wg = 5 iy (B D)Vdv
& h h h

b Q\I’/]A) =A ®Vh+ Vﬁ) A\)
o )V =pAVA)- AV

. h h.
W = % 7D G@VD)]dv - %@(D dV)dv  (4.93

1 h .. 1 h.
We = =@ (VD) @S- = (D DV)dv 4.94
E 21@( ) 2r\l,( ) (4.94)
h 3 R o
7(VD)IS=0 0 & 1 b 12 S’
¢ T r

_1_,h, ~1_.,h'h
W =- EN’(D dV)dv = EQ’(D &)dv (4.9

rz&r—

o]

|- OO
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495 We =- 15 BC'iDVd—l” BCbhEd
(4.99) We =- S (D®V)dv =773 (D E)dv

1 h.h

2

=~ #D (Edv = % ﬁeOEzdv (4.96)

h .h 1 2 D2
i ] 7)}

Wi = fwgdv (4.99)
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Ex414 o4’ & " T H"o.eo2y/ YR _  A¢.

@HT 1 e Q3=3nCat(10,0)

(4.84) Wg =W, + W, + W, ° =-1nCat (0,00

o
=0+Q5Voq + V31tV
QoV71 +Q3(V31 +V3) Q,=4nCat (0,0,1)

W = Wl + W2 + W3
=0+QuV51+Q3(V31+V3p)
e
Ql Q é Ql

a
Q- 0

=Q —r + Q3€ <1 . 2 [

el B g alfa- B 4 affa- o
= Q2 Ql

4p ¢|(0,0,1) - (0,0,0)|

(\? Qp Q> 2
+Q A

364p ¢|(1.0,0)- (0,0,0) 4p g[(0,0)- (0,0,

=1337 nJ

67



Ex414 o4’ & " T H"o.eo2y/ YR _  A¢.

D) HT 2 ;
(4.86) WE = 5 (Q1V1 +QuV; +Q3V3)
e Q =-1nCat (0,0,0)
w=L20m Q,=4nCat (0,0,1)
2 k =1
== (Q1V1 +Q,Vo +Q3V3)

Q1 & Qz L Q3 g
o T A

Qz & Ql L Qs
2 éap glfy- 1o 4p gffs-

N
co/on corog

Q3 & & . Q
2 &4p %‘rl' r3‘ 4p %‘rz -

=1337 nJ

]

e Q3=3nCat (3,00
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Ex 415 m ™ O 2
Tt 2

T
O

(a) Potential V? (b)e»y / YR?

(a) Potential V?

vav dv=d3 = rzsinqdf dqdr

e /
TeR) /N /%R

\\ % / \\E: 3e,r

eoE, 4pr =féf£r@2prvﬁrzsinqdqudr] e,E, 4pr? - 4 rir sinqdf dqdr]
_ g2 R L
= RAPrT odr :4pr ’r ,dr+ Q4pr @Q@ir
4 3 4
:—ropr - R3
3 3p b
roR

/
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(a) Potential V?

r¢ R
]
{ hl
deq
..
V =- pe@IL
:'r—oﬁdr
0
2
rof
-._0 +C2
6e,
2 2
V(r=R)=- "oR" ¢ =IoR
6e, 3e;
2
C2=rOR
2€,

V(r=a)=0 -

V

r OR3

3egr

C]_:O

é,r 0R3
ei

_é3egr
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b)yery/ YR?

dv = d3x = r?sinqdf dgdr
= 4pr2dr

(4.90) Wi = % 7 Vv

1R aro

P %0
_P 6 R (32
30 !

_2p gR’
-2 L

= % i VV(4pr2dr)
_L1R, V(4pr2dr)+l”°r V (4pr?dr)
ol v 2'7"?/@

=}er VV(4pr2dr)

(3R2 - r2)%4pr2dr)

- r2)r2dr

h h
7 D CEdv
h.h
eofy ECEV  (4.96)

E=m whenr¢ R
3eg
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dv = d3x = r?sinqdf dqdr
= 4pr2dr
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4.11 Electrostatic Discharge

(a) (b)

Fig 4.23 (a) Wrist strap. (b) Foot grounders.
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Equipment ground
(green wire)

Power T T Power
receptacle / receptacle
e 7 g
|l|
: Wrist strap
[ R1
[
I MW ESD-protective
‘ work surface
= ;\ " R2 Electrical
ommon poin . S S
Gl ground bus Ground point quip
Surface
equipment Workbench
ground
: ESD-protective
: floor mat
I (optional)
:Ground
| point
[
|
|
[
G2 = <—Farth ground

Fig 4.24 Atypical ESDprotected workstation.



