
Lecture 4: Maxwell’s Equations

ECE 313: Electromagnetic Waves

Lecturer :Dr. Gehan Sami
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Time varying electromagnetics

Source Static electric charges Steady state current Time varying currents

Equations
𝛻. ഥ𝐷 = 𝜌
𝛻 × ത𝐸=0

𝛻. ത𝐵 = 0
𝛻 × ഥ𝐻 = ҧ𝐽

𝛻. ഥ𝐷 = 𝜌 𝛻. ത𝐵 = 0

𝛻 × ത𝐸 = −
𝜕𝐵

𝜕𝑡
𝛻 × ഥ𝐻 = ҧ𝐽 +

𝜕𝐷

𝜕𝑡

Constitutive 
relation

D=𝜀E H=B/𝜇 Same

Characteristics • E,D,B,H only fnc. Of space (x,y,z)
• Not a function of time
• Independently defined
• Special form of Maxwell equations

• Function of both time and space
• E and B are mutually dependent
• A particular solution to Maxwell’s 

equation :EM wave propagation
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Faraday’s law
• Faraday’s experiment

a current was induced in a conducting loop when 

the magnetic flux linking the loop changes.

So Time varying magnetic field produces an emf which may establish a current 

in closed circuit. 𝑒𝑚𝑓 = −
𝑑𝜑

𝑑𝑡
𝑣

𝜑: magnetic flux passes through surface whose perimeter is closed path

Lenz’s law: Induced emf results in a current flowing in a direction opposing the 
change of the linking magnetic flux

Lenz’s law



Lenz’s law: Induced emf results in a current flowing in a direction opposing the change of the linking magnetic flux
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• Fundamental postulate

• 𝑣 = −
𝑑𝜑

𝑑𝑡
= −

𝑑

𝑑𝑡

𝑠
𝐵. 𝑑𝑠

• 𝑣 = 𝑐ׯ 𝐸. 𝑑𝑙→[Apply stokes theorem for curl E]

𝑠 = 𝛻 × 𝐸 𝑑𝑠

• 𝑠 𝛻 × 𝐸 𝑑𝑠 = 𝑠 −
𝜕𝐵

𝜕𝑡
ds

• 𝛻 × 𝐸 = −
𝜕𝐵

𝜕𝑡

𝑣 :emf induced in circuit with contour C   (v)
𝜑 : magnetic flux crossing surface S (Wb)

FARADAY LAW OF ELECTROMAGNETIC INDUCTION: the electromotive force in a 
stationary closed circuit is equal to the negative rate of increase of magnetic flux 
linking the circuit

Faraday’s law
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Example

emf=ׯ𝑐 𝐸. 𝑑𝑙 = −
𝑑

𝑑𝑡
𝑠 𝐵. 𝑑𝑠

𝛻 × 𝐸 = −
𝜕𝐵

𝜕𝑡

Compute induced emf and E

Get E from

Or Get E from



Continuity equation
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Divergence theorem

For net current to come  out closed surface there must be 
A decrease in positive charges within it

Kirchoff’s current law
In the steady state, the charge (or current) 
flowing into any point in the circuit has to be 
equal the charge (or current) flowing out.

: conduction current density



Displacement current
Ampere’s law for magnetostatic: 𝛻 × ഥ𝐻 = ഥ𝐽 since    div curl=0

𝛻. 𝛻 × ഥ𝐻 = 𝛻. ҧ𝐽 = 0

But  continuity of current 𝛻. ҧ𝐽 = −
𝜕𝜌𝑣

𝜕𝑡
≠ 0 (time varying)

So we must add term for Ampere’s law in time varying
𝛻 × ഥ𝐻 = ҧ𝐽 + ҧ𝐽𝑑

𝛻. 𝛻 × ഥ𝐻 = 𝛻. ҧ𝐽+𝛻. ҧ𝐽𝑑 = 0 −> 𝛻. ҧ𝐽 = −𝛻. ҧ𝐽𝑑

𝛻. ҧ𝐽𝑑=
𝜕𝜌𝑣

𝜕𝑡
but  𝛻. ഥD=𝜌𝑣

𝛻. ҧ𝐽𝑑=
𝜕𝛻.ഥD
𝜕𝑡

→ ҧ𝐽𝑑 ==
𝜕ഥD
𝜕𝑡

ҧ𝐽𝑑:is the displacement current 

ഥ𝐽 : is conduction current density(ഥ𝐽 =𝜎𝐸 )

𝛻 × ഥ𝐻 = ҧ𝐽+
𝜕ഥD
𝜕𝑡

Ampere’s law for time varying field



Example




