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Maxwell's Equation
Equation (4.1) and (4.2) gives the relationship among the field
quantities in the static field. For time varying case, the relationship
among the field vectors written as _,

TR h = —E
G
(4.20a)
VxH =7 (4.20b)
vh=g (4.20¢)
V.E=0 (4.20d)
In addition, from the principle of conservation of charges we get the equation of
continuity ;
vi=-22
At
(4.21)

The equation 4.20 (a) - (d) must be consistent with equation

(4.21). We observe that

TIRH=0=97 (4.22)

Since V¥ *4ijs zero for any vectet

Thus™¥ = =J  applies only for the static case i.e., for the scenario when
. A classic example for this is given below .
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Suppose we are in the process of charging up a capacitor as shown in fig 4.3.
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Fig 3.1 process of charging up a capacitor
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Let us apply the Ampere's Law for the Amperian loop shown in fig 4.3.
lenc = | is the total current passing through the loop. But if we draw a
baloon shaped surface as in fig 4.3, no current passes through this
surface and hence lenc = 0. But for non steady currents such as this
one, the concept of current enclosed by a loop is ill-defined since it
depends on what surface you use. In fact Ampere's Law should also
hold true for time varying case as well, then comes the idea of
displacement current which will be introduced in the next few slides.
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We can write for time varying case, =Y. |J*—
— — ap (4.23)
SN EH =T+ E
At
v.(vxﬁ) —o-vF+ 22
az
-~ A=
=VJ+—V.D
At
(4.24)

The equation (4.24) is valid for static as well as for time
varying case.

Equation (4.24) indicates that a time varying electric field will give rise to a
magnetic 4D
At N
(nr”]

—

J

field even in the absence of. The term  has a dimension of
densitiesand is called the displacement current density.

a0
The main E3 V&fuation is one of the major contributions of
Jame's ClerkMaxwell. The modified set of equations

vxE =7+ 22
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Is known as the Maxwell's equation and this set of equations apply in the time

: "’.
. . .- . . O A
varying scenario, static fields are being a particular.

In the integral form

(4.26a)

cjﬁﬁd?= IS[J +% 45 =1 +L§_d§

(4.26b)

IV‘?_E dv=¢, Dds = [, oav
(4.26¢)

PBdT =0 (4.260)

The modification of Ampere's law by Maxwell has led to the
development of a unified electromagnetic field theory. By
introducing the displacement current term, Maxwell could predict
the propagation of EM waves. Existence of EM waves was later

demonstrated by Hertz experimentally which led to the new era of
radio communication.
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