
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.

E
h



4

)8.4(
|rr|

)rr(Q

4

Q

|rr|4

)rr(QQ

|rr|4

)rr(QQ

|rr|4

)rr(QQ
F

N

1k
3

k

kk

0

3

N0

NN

3

20

22

3

10

11

ä
= -

-

pe
=

-pe

-
+ÖÖÖÖÖ+

-pe

-
+

-pe

-
=

hh

h

hh

hh

hh

hh

hh

h
h

복수의 전하

Q

Q1

Q2

QN

Qk

rr1
F
h

rr 2
F
h

rr k
F
h

rr N
F
h



5

)10.4(
Q

F
E

h
h
¹

æ
æ
æ

ç

å

-Ð=

ù
ú

ø
é
ê

è
===

==

]m/V[VE

m/V
m

FV*F/m

C

N

R

kQ
E

V/m]  N/C[
Q

F
E

22

Electric Field Intensity Ἇ의 정의: ♣͙◑ Ͽ⁄ ▓Ѥ Ѿ─ ♣ ⁄ Ḉ Ѥ .

단위:

)11.4(
|'rr|4

)'rr(Q
a

R4

Q
E

3
0

R2
0

hh

hh
hh

-pe

-
=

pe
=

Ἇ의 Vector Form

[ ]CFV

m

C

m

V

m

F

V)(

32

v
2

=

ù
ú

ø
é
ê

è
=

r-=Ðe*



6

)12.4(
|rr|

)rr(Q

4

1

|rr|4

)rr(Q

|rr|4

)rr(Q

|rr|4

)rr(Q
E

N

1k
3

k

kk

0

3

N0

NN

3

20

22

3

10

11

ä
= -

-

pe
=

-pe

-
+ÖÖÖÖÖ+

-pe

-
+

-pe

-
=

hh

hh

hh

hh

hh

hh

hh

hhh

복수의 전하가 존재할 경우의 E-field

Q=1C

Q1

Q2

QN

Qk

rr1
E
d

rr 2
E
h

rr k
E
h

rr N
E
h



7

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
⁄ ᵰҀᴎ תּ♬ ̆ ▓ѻ. ᾒ╥ ὡֹוἐ ˿Ợʻ ƽ̋ ▬╙ ˿↕ ƽŋ ̯ .ג

a

m,Q

a

mg mg

L

2

0

2

r4

Q

pe2

0

2

r4

Q

pe r

3/1

2

0

2

32

0

2

2

0

2

2

0

2

mgL16

Q

mgL16Q

tan

sin

tansinmgL16Q

sinL2r

mg/
r4

Q
tan

ö
ö
÷

õ
æ
æ
ç

å

pe
=a

ape=­

ææ
ç

å

aºa

aºa

aape=­

æ
æ
æ

ç

å

a=

pe
=a

Rope

ö
ö
ö
ö

÷

õ

æ
æ
æ
æ

ç

å

ÖÖÖÖ-a+=a

ÖÖÖÖ-a+=a

!1

)0(sec
)0tan(tan

!1

)0cos(
)0sin(sin

2



10
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A. Line Charge
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B. Surface Charge

[ ]

)24.4(
]h[4

]aha[dd
Ed

dddSdQ,
R

R
a

h|R|R,ah)a(R

a
R4

dQ
Ed

dSQ

dSdQ

2
3

2
1

22
0

zs

SSR

22
z

R2
0

S

S

+rpe

+r-rfrr
=

rfrr=r==

+r==+-r=

pe
=

r=

r=

r

r

ñ

hh
h

h
h

hhh

hh

(4.22)

zadd

adzd

adzdSd

h

h

hh

rfr+

r+

fr=

f

r



16

{ }

)27.4(a)a(
2

a
2

E

CapacitorPlateParallel

)26.4(a
2

E

)25.4(a
2

E

a]h[
2

h

a)(d
2

1
]h[2

4

h

a
]h[

ddh

4
EdE

)24.4(
]h[4

]aha[dd
Ed

n
0

S
n

0

S
n

0

S

n
0

S

z
0

S

z0
2/122

0

S

z0
22/322

0

S

0 z2/322

2

0
0

S
z

2/322
0

zs

hhhh

hh

hh

h

h

hhh

hh
h

e

r
=-

e

r-
+

e

r
=

e

r
=

e

r
=

+r-
e

r
=

r+rp
pe

r
=

+r

frr

pe

r
==

+rpe

+r-rfrr
=

¤-

¤ -

¤

=r

p

=f

r

ñ

ñ ññ

(Infinite Sheet Charge)

= 0 : 



17

0

d)(sinad)(cosa

d)asina(cosda

da
]h[4

d

]h[4

]a[dd
Ed

2

0y
2

0x

2

0 yx
2

0

2/322
0

2
s

2/322
0

s

h

hh

hhh

h

h
h

=

ff+ff=

ff+f=f

f
+rpe

rrr
=

+rpe

r-rfrr
=

ññ

ññ

pp

pp
r

r

r
r

Ữὡʺ ῷѳ Ѿ─ Vector Ἡ

ya
h

xa
h

f

x

y

f

y

x

asin

acosa
h

hh

f+

f=r



18

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.



40
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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.



46

)63.4(
r4

Q
V

)b62.4(VVV

r

1

r

1

4

Q

)a62.4(adra
r4

Q
V

)61.4(a
r4

Q
E

0

ABAB

AB0

r

r rr2
0

AB

r2
0

B

A

pe
=

-=

ù
ú

ø
é
ê

è
-

pe
=

Ö
pe

-=

pe
=

ñ
hh

hh

ᶴ ҍ͙ר.

&=q%

Ä,

ʃ

&ÃÏÓʃ



47

(4.69)charge) (volume      
|'rr|

'dv)'r(

4

1
)r(V

(4.68)charge) (surface     
|'rr|

'dS)'r(

4

1
)r(V

(4.67)charge) (line      
|'rr|

'dl)'r(

4

1
)r(V

(4.66)charge)(point    
|rr|

Q

4

1
)r(V

|rr|4

Q

|rr|4

Q

|rr|4

Q
)r(V

)65.4(
|'rr|4

Q
)r(V

)64.4(dLEV

r4

Q
V)63.4(

V
v

0

S
S

0

L
L

0

n

1k k

k

0

n0

n

2010

1

0

r

0

ñ

ñ

ñ

ä

ñ

-

r

pe
=

-

r

pe
=

-

r

pe
=

-pe
=

-pe
+ÖÖÖ+

-pe
+

-pe
=

-pe
=

Ö-=

pe
=

=

¤



48

)72.4(
Q

W
LdEVVV

)71.4(CLdEV

)70.4()(C
r4

Q
V

B

AABAB

0

=Ö-=-=

+Ö-=

+
pe

=

ñ

ñ
hh

hh



49

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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4.9 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.


