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Electromagnetics TheoryElectromagnetics Theory
Electrostatic (Part 1)

Outline:

3.1 Maxwell equation

3.2 Charge & current distribution

3.3 Coulomb’s Law

3.4 Gauss Law

3.5 Electric Scalar Potential

3.6 Conductors

3.7 Dielectrics

3.8 Electric Boundary conditions

3.9 Capacitance
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ElectrostaticElectrostatic

•So, we can say that it’s a time independent field.

•Depends only on position.

•Source – stationary charges

Electro – electric field

Static - (not moving)
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3.1 3.1 Maxwell equation
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Components of vector A
Base vectors: zyx ˆ,ˆ,ˆ
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3.2 Charge & current distribution

Point Charge (titik)

Line Charge

Surface Charge

Volume Charge

Stationary Charge
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1. Point Charge1. Point Charge

+ve – arrow out
-ve – arrow in
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2. Line Charge2. Line Charge

-For a bigger sample more charge is carrieddldQ ∝

dldQ lρ= ( lρ is line charge density [c/m] )

∫
dldQQ

l l∫ ∫== ρ

Cartesian 
Cylindrical

Spherical

( )dzdydx ,,
( )dzrddr ,, ϕ

( )ϕθθ drrddr sin,,
dl

dQ       →dl
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3. Surface Charge3. Surface Charge

dQ       →ds

ds
dQ

(area)
(charge) dsdQ ∝

dsdQ sρ= sρ, is surface charge density [c/m2]

dsdQQ s∫ ∫== ρ
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4. Volume Charge4. Volume Charge

dQ       →dv

dvdQ ∝

dvdQ vρ=

∫= dQQ
dv

v v∫= ρ

∫∫∫

dv Spherical 
)sin( 2 φθθ ddrdr

Volume charge density
[c/m3]
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Example 3.1 – Line Charge Distribution

Calculate the total charge Q 
contained in a cylindrical tube of 
charge oriented along the z-axis as 
shown below. The line charge 
density is              , where z is the 
distance in meters from the bottom 
end of the tube. The tube length is 
10cm.

zl 2=ρ
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Example 3.2 – Surface Charge Distribution

The circular disk of electric charge 
shown below is characterized by an 
azimuthally symmetric surface 
charge density that increases 
linearly with r from zero at the 
center to 9 C/m2 at r = 3 cm. Find 
the total charge present on the disk 
surface.
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Charge DensityCharge Density

Line Charge Density , 

Surface Charge Density ,

Volume Charge density ,

lρ

sρ

vρ
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1. Line Charge Density (    )1. Line Charge Density (    )lρ

Where

1)        is the charge contained in  

2)        is defined at a given point in space, specified by at a 
given  time

When charge is distributed along a line

We know that   dldQ lρ=
Thus  

l
Q

ldl
dQ

l Δ
Δ

→Δ
==

0
lim

ρ [c/m]

qΔ lΔ

lρ
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1. Line charge density (Cont’d)1. Line charge density (Cont’d)

dQ       →dl

3)      represent the average charge per unit line for a line   

4)  We can say that “ the charge is distributed along a line”

5)  Thus total charge contained in a given line is 

lρ lΔ

dldQQ
l l∫ ∫== ρ
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2. Surface Charge Density (    )2. Surface Charge Density (    )sρ

sρ When dealing with conductor
Electric charge is distributed across the 
surface material

dsdQ sρ= s
Q

sds
dQ

s Δ
Δ

→Δ
==

0
lim

ρ

Where        - charge present across an elemental surface 
area    

QΔ
sΔ

Thus
Total charge;  

dsdQQ s∫ ∫== ρ

[c/m2]
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3. Volume Charge Density (     )3. Volume Charge Density (     )vρ

Similarly is charge is distributed in a 
volume/space

vρ

v
Q

vdv
dQ

v Δ
Δ

→Δ
==

0
lim

ρ

dvdQ vρ=

[c/m3]

We know

thus

Where        - charge contained inQΔ vΔ
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Example 3.3 - Charge Density

A uniform, spherical volume charge distribution 
contains a total charge of 10-8 C. If the radius of this 
spherical volume is 2 x 10-2 m, find     .vρ

3310984.2 −−×= cmvρ
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Current Density, Current Density, J
v

1. Let us consider fig 3.2(a)

A tube of charge with volume density vρ

uv = charge velocity (along axis of the tube)
over period of       , the charge move a distancetΔ

tul Δ=Δ
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Current Density (cont’d)Current Density (cont’d)
2. The amount of charge that crosses the tube’s cross-

sectional surface in time        is therefore:-'sΔ tΔ

tsuq v ΔΔ=Δ '' ρ

3. More general case Where the charge are 
flowing through a surface       
whose surface normal        
not necessarily parallel to  

sΔ
n̂

uv

sns Δ=Δ ˆv

tsuq v ΔΔ•=Δ vvρ
θρ costsuv ΔΔ==Δ 's Cross section
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Current Density (cont’d)Current Density (cont’d)

4.  Then the current is given by :-

su
t
qI v

vv Δ•=
Δ
Δ

=Δ ρ

sJI vv
Δ•=Δ

where

uJ v
vv

ρ=
J
v

is current density
[A/m2]
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Current density (cont’d)Current density (cont’d)

5.  Therefore, total current flow

∫ •=
s

sdJI vv
[A]

When current ( I ) is generated by actual movements of 
charge matter. Convection Current

J Called Convection Current Density

Conduction Current 
Atoms of the conducting 
medium do not move 
- obey Ohm’s law
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3.3 Coulomb’s Law3.3 Coulomb’s Law

States that  an isolated charge q induces an electric field     
at every point in space at every specific point P,

E
v

R
R

qE ˆ
4 2πε

=
v

[V/m]

Where  R̂ = unit vector pointing from q to p

ε = electrical
permittivity

R = distance between
q and p
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Coulomb’s Law (cont’d)Coulomb’s Law (cont’d)

The force acting on test charge q’ in the presence of 
electric field,       is E

v

EqF
vv

'= [N]

Where unit

F
v

'q
E
v

N ( Newtons)
C ( Coulombs)
[N/C] = V/m
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Coulomb’s Law (cont’d)Coulomb’s Law (cont’d)

D
v

E
v

and are related by

ED
vv

ε= With 0εεε r=

where
12

0 10*85.8 −=ε = electrical permittivity of free 
space ( )1=rε

0ε
εε =r

Relative permittivity or
Dielectric constant
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Coulomb’s Law (cont’d)Coulomb’s Law (cont’d)

Conclude that :

iR
Ri

QiE
n

i

ˆ
41

2∑
=

=
πε

v

Where   

magnitud
vectorR =ˆ



BEKP 3553 17 July 2006 26

Coulomb’s Law (cont’d) Coulomb’s Law (cont’d) 

R
R

qE ˆ
4 2

1
1 πε
=

v

3.3-1 Electric field due to multiple point charge 
Where R = lead – tail

Thus for q1 :

Where

( )
1

1

1

ˆ
RR
RRR

RRR

vv

vv

vv

−
−

=

−=
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Thus

Same for          :

at P due to charge q1 & q2 is equal to the vector sum of

General           

Electric field due to multiple point charge 

( )
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4 RR

RRqE vv
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Example 3.4 Example 3.4 –– Electric field due to 2 point         Electric field due to 2 point         
charge (pg 73)charge (pg 73)

Two point charge with q1 = 2 x 10-5 C and 
q2 =  -4x10-5 C are located in a free space at
(1,3,-1) and (-3,1,-2), respectively, in a Cartesian
coordinate system. Find

a) The electric field at (3,1,-2)
b) The force on a 8x10-5 C charge located at that point. 

All distance are in meters.

E
v

( ) ( )

( ) ( )NzyxFb

mVzyxEa

   10
27

ˆ4ˆ8ˆ2     

/  10
108

ˆ2ˆ4ˆ
     

10

0

 5

0

−

−

×
−−

=

×
−−

=

πε

πε
v

v
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3.3-2 Electric field due to a charge distribution 

Electric field can be divided into 3 types of charge 
distribution:

a) Line charge

b) Surface charge

c) Volume charge
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a) Line charge

We know 

But due to the charge

Thus,

Where 

dq

∫

∫
=

=

l

l

EdE

R
R

dqE

vv

v ˆ
4 2πε

dldq lρ=

dq       →dlTotal charge, Q

R
R

qE ˆ
4 2πε

=
v
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b) Surface charge

We know 

But due to the charge

Thus,

Where 

dq

∫

∫
=

=

l

l

EdE

R
R

dqE

vv

v ˆ
4 2πε

R
R

qE ˆ
4 2πε

=
v

dsdq sρ=

Total charge, Q
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c) Volume charge

We know 

But due to the charge

Thus,

Where 

dq

∫

∫
=

=

l

l

EdE

R
R

dqE

vv

v ˆ
4 2πε

R
R

qE ˆ
4 2πε

=
v

dvdq vρ=

Total charge, Q
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Example 3.5 Example 3.5 --

A ring of charge of radius 
b is characterized by a 
uniform line charge 
density of positive 
polarity. With the ring in 
free space and positioned 
in the x-y plane as shown, 
determine the electric 
field intensity     at a point 
P(0,0,h) along the axis of 
the ring at a distance h 
from its center.

E
v

lρ

( ) ( )mVz
hb

bhE l /ˆ
2

 2/322
0 +

=
ε

ρv

Charge Ring a of E
v
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ExerciseExercise

An infinite sheet of charge with uniform surface 
charge density        is located at z = 0 (x-y plane), and 
another infinite sheet with density          is located at z 
= 2m, both in free space. Determine        in all 
regions.

E
vs

ρ−
sρ

0 :        2

ˆ
 :  20

0 :          0

0

=>

=<<

=<

Emz

zEmz

Ez

s

v

v

v
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3.43.4 Gauss’s LawGauss’s Law
•From the 1st Maxwell’s equation:

•Equation in EMT often convert back & forth between 
differential & integral.

•To convert eq (1) into integral form, multiply both side 
by        & volume integral.

•Where Q is the total charge enclosed in Volume.

vd

( )1    ............      vD ρ=•∇
vDifferential form

of Gauss’s Law

( )2...........    QdvdvD
v

v
v

==•∇ ∫∫ ρ
v



BEKP 3553 17 July 2006 36

Knowing that 

Thus we get

  theoremdivergence..........   ∫∫ •=•∇
sv

sdEdvE vvv

( )3 ..........   ∫∫ •=•∇
sv

sdDdvD vvv

Gauss’s Law (cont.)Gauss’s Law (cont.)
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By comparing eq (2) & (3) we get

Where S is called a Gaussian surface.

enQ  =•∫
s

sdD vv
Gauss’s law

∫∫∫ •++•=•
61

61 ... 
SSs

sdDsdDsdD vvvvvv

Gauss’s Law (cont.)Gauss’s Law (cont.)
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Example 3.6 - Gauss’s Law (pg 79)

A thin spherical shell of radius a, carries a uniform 
surfaces charge density     . Use Gauss’s Law to 
determine      .

a) 
b)

aR ≤
aR ≥

sρ

E
v

( )

( )

2
2

2

2

2

2

2

11

/   ˆ     

/   ˆ 

0 a

mcR
R
aD

mVR
R
aEb

DE

s

s

ρ
ε
ρ

=

=

==

v

v

vv
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Exercise - Gauss’s Law (pg 79)

A spherical volume of radius a, carries a uniform 
volume charge density     . Use Gauss’s Law to 
determine      .

a) 
b)

aR ≤
aR ≥

vρ

D
v

( )

( ) 2
2

1

3

2

2
2

/   ˆ
3

 

/   ˆ
3

 a

mcR
R
aDb

mcRRD

v

v

ρ

ρ

=

=

v

v
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Conclusion 

ED
vv

ε=

S

E

D

F

Coulomb’s Law

Gauss’s Law

EqF
vv

=
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….. To be continued ….. 

Thank You


