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* The generalization of (Ampere’s law), Displacement current.
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- The relation derived from Ampere's law:

The more general equation has an additional term involving the displacement current density. The
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Introduction of the second term or represent of Maxwell major contribution to the electromagnetic

theory.
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Suppose we add an unknown term (G) to equation (1), we get:

By taking the divergence for equation (3) we get:

v./gvi’om=v.(JxG)

2V.J4V.G=0=V.J=-V .G........... (4)
But from equation continuity, we have: 4l yainY) Ailae (e L (oS
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V.J+at—0=>V.J PRI (5)

By equal equation (4, 5) we get:
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But from Gauss’s law we have: o8 (5 e Ll (S
V.D=P cisionnnnnnns (7

Sub. Equation (7) in (6) we get:
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V.G=5(V.D
V.G=V.(3)
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Sub. (8) in (3) we get:
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However a displacement current is present only for time changing fields so that for steady fields.

ol e adiad A YAl A el ialrs pe (381 55 s 5 yiiaall Y Ll 3 jallal (9) A8all st

* The four Maxwell’s equations are differential equations it’s convenient to convert the

differential form into their integral equivalent which are:
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1) fCH. dl =fs(] + 31:-) .ds [ Ampere’s circuital law]
dB
2) JE. dl =- J - -ds [Faraday’s law]
3)[D.ds=[p dv [Gauss’s law for electric field]

4) ch . ds=0 [The magnetic flux through any close surface equal zero. Gauss’s law for
magnetic field]
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* Potential of clectrostatic field:
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- We can define the vector B by vector potential A by:
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- And define the vector E by scalar potential (@ by:
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- By adding unknown term to equation (2) becomes:
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By taking the curl of each side to equation (3): ssle Jean (3) Aalaall 8 5l Sliall sl
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Vx E =W @) +VxN

VXE=VXN......... @)

ButVxE=—32....... (5) (A5 () guSle Alsles)

By equal the equations (4) and (5) we get:

Sub. Equation (1) in equation (6) we get:

a
VxNz—-EE(VxA):/G/x NZ'/‘{XZ_I::‘Nz_%? ......... (7)

Sub. Equation (7) in (3) we get:

_ dA
E= V(p--i ........... (8)
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- If the time variation is harmonic (8) becomes: .
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- when the vector potential A and the scalar potential ¢ are unknown, the electric and magnetic

field can obtained under static or time varying situation from the relation:
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B=VxA (T)
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P fv dv  (¥).......(10)
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- The electric field in equation (8) composed of two parts:

- V ¢ is due to charge distribution (p) -

d0A
e is due to time varying (J)

- The electric scalar potential for volume charge distribution given by equation (10) and the vector
potential A given by equation (11).
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* The wave equation for A is derived by:

s
A ) aaie AV as gl Alslas GBlERSN

We have
aD

VXH—J*‘E .......... (1)
We have also
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B=VXA. ... (2)
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And 15:~---V(p-'_:’—(t ........... (3)
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. B=puH l ....... (4)
Where D= ¢E |

Sub. (4) in (1) we get:
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Vxﬂ J+at=:¢VXB H “at ()
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Sub. Equation (2)'in equation (5) we get:
O0E
VXVxA=uJ+Eu-5-t- .......... (6)
Sub. Equation (3) in equation (6) we get:
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VxVxA= uJ+eu-—(-—- Vo—2)7)

By using the identity:
VxUxA=V (V.A)-V*A
Sub. Equation (8) in equation (7) we get:
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2 A __ do
VA—Eudtz— uI+Viv. +Eﬂét)] ........... %)
By using lorentz condition:

do
V. A+eu it =0

.. Equation (9) becomes:
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V2A—6ud—t2=—uJ
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