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1. Electric Flux 

–

•

S

• ∅

𝐄 A

∅ = |𝐄|S

•
N m2

C

•

•
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1. Electric Flux 

–

• 𝐃

•

𝐃 = ϵ0𝐄

•

𝐃 =  
dq

4πr2
𝐧 
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1.Electric Flux 

–

•

• ∆𝐒 
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1. Electric Flux 

–

•

θ < 90o

•

θ = 90o

•

180° > θ > 90o

•

•

∅ =  𝐄 ∙ d𝐒 =  E dS
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2. Gauss’s Law 

–

• +q
r

•

•

∅ =  𝐄 ∙ d𝐒 = E dS = ES

S = 4πr2, E =
q

4πϵ0r
2
   , ∅ = E 4πr2

∅ =
q

4πϵ0r
2
 4πr2 =

q

𝜖0
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2. Gauss’s Law 

–

•

 𝐄 ∙ d𝐒 =
 qin
ϵ0

       or         𝐃 ∙ d𝐒 = qin

•

𝛁 ∙ 𝐃 = ρ

•

• r
(r2)

1

r2

r
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2. Gauss’s Law 

–

•

 𝐄 ∙ d𝐒 =
 qin
ϵ0

      or          𝐃 ∙ d𝐒 =   qin

•

 𝐄 ∙ d𝐒 =
 λ dl

ϵ0
      or          𝐃 ∙ d𝐒 =  λ dl

•

 𝐄 ∙ d𝐒 =
 ς dS

ϵ0
       or         𝐃 ∙ d𝐒 =  ς dS

•

 𝐄 ∙ d𝐒 =
 ρ dv

ϵ0
       or          𝐃 ∙ d𝐒 =  ρ dv

ELECTROMAGNETIC FIELDS By Ahmed W. 

3. Applications of Gauss’s Law 

–

•





 𝐄 ∙ d𝐒 ≠ 𝟎
E =



•
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3. Applications of Gauss’s Law 

–

R +𝑄

r

•

•

 𝐄 ∙ d𝐒  

• +q

𝐄 ∙ d𝐒 = ES

ELECTROMAGNETIC FIELDS By Ahmed 
W. 

3. Applications of Gauss’s Law 

–

• r < R

 𝐄 ∙ d𝐒 =
q

ϵ0
 ⟹ E R2 sin θ dθd∅ =

q

ϵ0

Ein = 0

• r > R

 𝐄 ∙ d𝐒 =
q

ϵ0
 ⟹ E R2 sin θ dθd∅ =

q

ϵ0

4πr2E =
q

ϵ0
    ⟹     E =

q

4πϵ0r
2
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3. Applications of Gauss’s Law 

–

a

𝜌 +Q 𝐄
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3. Applications of Gauss’s Law 

–

• r > a

 𝐄 ∙ d𝐒 = E dS = E r2 sin(θ) dθd∅ =
Q

ϵ0

4πr2E =
Q

ϵ0
⟹ E =

Q

4πϵ0r
2

• r < a

v′

Qin = ρv′ = ρ
4

3
πr3

 𝐄 ∙ d𝐒 = E dS =
Qin

ϵ0
  ⟹ 4πr2E =

4ρπr3

3ϵ0

E =
ρr

3ϵ0
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3. Applications of Gauss’s Law 

–

• E r > a
E → 0 r → 0

r = 0 E
1

r2

E ∝
1

r2
r < a r = 0
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3. Applications of Gauss’s Law 

–

r
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 𝐄 ∙ d𝐒 =
q

ϵ0
⟹ q = ϵ0E dS

 

sides

q = ϵ0E   rd∅dz =

2π

∅=0

ℓ

z=0

ϵ0E2πrℓ

E =
q

2πϵ0rℓ
          but     q = λℓ

E =
λ

2πϵ0r
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3. Applications of Gauss’s Law 

–

1

r
1

r2
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3. Applications of Gauss’s Law 

–

𝜎

 𝐄 ∙ d𝐒 =
q

ϵ0
⟹ q = ϵ0E dS

 

sides

q = ϵ0E S

But q = ςS

ςS = ϵ0E S

E =
ς

ϵ0
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4. Conductors in Electrostatic Equilibrium 

–

•

•







𝛔

𝛜𝟎
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4. Conductors in Electrostatic Equilibrium 

–

We can understand the first property by considering a 

conducting slab placed in an external field 𝐄 . The 

electric field inside the conductor must be zero, 
assuming electrostatic equilibrium exists. If the field 
were not zero, free electrons in the conductor would 

experience an electric force 𝐅 = q𝐄  and would 

accelerate due to this force. This motion of electrons, 
however, would mean that the conductor is not in 
electrostatic equilibrium. Therefore, the existence of 
electrostatic equilibrium is consistent only with a zero 
field in the conductor.
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4. Conductors in Electrostatic Equilibrium 

–

•

•

•

•

•

•
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