
4. Electrostatic Fields
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4.2 Coulomb’s Law and Field Intensity
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Figure 4.2  (a), (b) Like charges repel. (c) Unlike charges attract.
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Ex 4.1 ♣ 1 mC╥ ─ Ѥ (3,2,-1), ♣ -2 mCѤ (-1,-1,4)⁄ ▓ѻ.
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Ex 4.2 Charge Q₮ װפֿ m╙ בֿʺ 2 ˌ╥ ░▫ʺ ᶴ˭ᵑ ᶴᾎ ὡ ▓Ѥ ͝╪ L
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Ex 4.3 Q/m╪ 9əC/kg╬ ‚♣ ₮ ╛♣ ʺ ∟♩ O⁄ ⁄Ἄ ˉ╪ ԑ‡ּת
̆ ҍ♣ӈ Ṉ⁄ ╥ Ỹ͛ ♣◑ 500 kV/m⁄ ╥ Ἄᴛ ʾג ╪ѻ. ░▫өבֿ
80 cm ԑ‡Ɑ╙ ԅ ░▫ʼ╥ ˞ᵙᵑ ̯ .ג

x

y

m/V105E 5

x ³-=

m/Q+

m/Q-

O

m3673.0

8.9

8.0
)105()109(2

g

y
E

m

Q
2tE

m

Q
x2

0twhere0y

0dt/dy
gt

2

1
y

ma
dt

yd
mmg

0twhere0x

0dt/dx
t

2

1
E

m

Q

ctct
2

1
E

m

Q
x

E
m

Q

dt

xd

ma
dt

xd
mQE

56
x

2
x

2

y2

2

2
x

21
2

x

x2

2

x2

2

x

=

³³³³===

é
é
é
é
é

ê

è

ææ
ç

å

==

=
«-=

==-

é
é
é
é
é
é
é
é
é
é
é

ê

è

ææ
ç

å

==

=
«=

++=

=

==

-

x
Ḣ
⇔ҿ

y
Ḣ
⇔ҿ



11

ö
ö
ö
ö
ö
ö
ö
ö

÷

õ

æ
æ
æ
æ
æ
æ
æ
æ

ç

å

pe

r
=

pe

r
=

pe

r
=

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

r=r=

r=r=

r=r=

ñ

ñ

ñ

ñ

ñ

ñ

)c14.4(charge)olumev(a
R4

dv
E

)b14.4()chargeurfaces(a
R4

dS
E

)a14.4(charge)line(a
R4

dl
E

)c13.4()chargevolume(dvQdvdQ

)b13.4()chargesurface(dSQdSdQ

)a13.4()charge(linedLQdLdQ

R2
0

v

R2
0

S

R2
0

L

v vv

S SS

L LL

hh

hh

hh

4.3 Electric Fields due to Continuous Charge Distributions

Figure 4.5  Various charge 

distributions and charge 

elements.



12

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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Ex 4.4 ἐ♣ Ḍҵʺ ρL C/m, ḙ˿ a╬ ̆ᵙʺ ͎ᵝ̓ ˉ╪ ▓ѻ.
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Ex 4.5 z=0, x=[0,1], y=[0,1]╬ ᶔ╥ ♣ Ḍҵ ǌs=xy(x2+y2+25)3/2 nC/m2. 
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(b) E at (0,0,5).
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Ex 4.6 ᶔ♣ 10 nC/m 2 (x=2)
ᶔ♣ 15 nC/m 2 (y=-3)
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Ex 4.7  (4,0,0)⁄ -5ɚmC ♣ ʺ ▓̆
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Gaussôs Lawstates that the total electric flux (density) through any closed surface

is equal to the total charge enclosed by that surface.

4.5 Gauss’s Law-Maxwell’sEquation
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Figure 4.12  Illustration of Gaussôs law: flux leaving v1 is 5 nC and

that leaving v2 is 0 C.
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C. Infinite Sheet of Charge
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D. Uniformly Charged Sphere
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Figure 4.16  Gaussian surface for a uniformly charged sphere when

(a) r ²a and (b) r ¢ a.
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Fig 4.17  Sketch of ¼D¼against r for a uniformly charged sphere.
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The electric potential differencebetween points A and B is the total work done 

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

ÅVAB < 0 (>0) : Potential energy loss (gain) in moving Q from A to B.

ÅVAB is independent of the path taken.

4.7 Electric Potential
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Figure 4.18  Displacement of point charge Q in an electrostatic field Ἇ.
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Ex 4.10 V=? at (1,0,1). ᶴ ҍ⁄ἌѤ V=0.
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Ex 4.11 ͎ᵝ̓ ˉ╪ ♣ ʺ Ṫ ѻ.
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(b) V=100 at B(1,2,1) ▀ ԅ V at C(-2,5,3)╙ ̯ .ג
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(c) V=0 at O(0,0,0) ▀ ԅ VBCŋ ̯ .ג

ӎ ♩ Ợ╪╥ ♣─ Ѥ ╪♩ר͙ ⅝ תּ Ώѻ.

VBC = V C-VB

= 49.825-100
= -50.175 V
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4.8 Relationship between E and V: Maxwell’sEquation
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4.9 An Electric Dipole and Flux Lines
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Figure 4.21  Equipotential surfaces for

(a) a point charge and (b) an electric dipole.
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Ex 4.13 Dipole (0,0,-5) nCm at (0,0,-2), Dipole (0,0,9) nCm at (0,0,3)⁄▓ѻ. 
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Fig 4.22 Assembling of charges.
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Ex 4.14 ѻ╛̓ ˉ╪ ♣ ʺ Ṫ Ӈ‴ѻ. ♇◑ӈ ⁄Ўּתᵑ ̯ ᾎ₡.
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Ex 4.14 ѻ╛̓ ˉ╪ ♣ ʺ Ṫ Ӈ‴ѻ. ♇◑ӈ ⁄Ўּתᵑ ̯ ᾎ₡.
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Ex 4.15  ʍ
ʍ π Ò 2
π Ò 2

(a) Potential V ?     ( b) ♇◑ӈ ⁄Ўּת?

(a) Potential V?
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(a) Potential V?
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(b) ♇◑ӈ ⁄Ўּת?
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Fig 4.23  (a) Wrist strap. (b) Foot grounders.

4.11 Electrostatic Discharge
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Fig 4.24  A typical ESD-protected workstation.


