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Abstract- The enlightenment of the article is to introduce the basic concepts and terminology for the understanding of the
electromagnetic induction i.e. the relation of electricity and magnetism. A special attention has been given to the concept of
displacement current introduced by James Clerk Maxwell to explain the equation of continuity of charges. The changing
electric field is the source of the magnetic field and vice versa. During the discussion of the topic, we make an attempt to
understand some terminology, the typical value of principles & all boxed equations.
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I. INTRODUCTION

Displacement current is one of the most interesting controversial topics that have its standpoints in classical electrodynamics
[1-4]. Many research publications and books on the topic of electrodynamics provide the insight history of the concept of the
Maxwell’s displacement current [5-9]. For understanding the concept of the displacement current, we must answer some
general questions related to the meaning, real or virtual current, physical interpretation, relation to steady and unsteady current
etc. In 1865, James Clerk Maxwell [10] delivered a seminar talk on the keyword of the very famous four equations of
electrodynamics universally known as Maxwell’s equations and concludes the topic with the connection of electromagnetic

waves that travel with speed ¢ = L in the vacuum, where &, is the permittivity in free space and p, is permeability in free

vV EoHo
space. The Maxwell’s equations in the free space are
i. V.E= sﬂ (Gauss’s law in Electrostatic) (Charge is the source of an electric field)
0
i. V.B=20 (Gauss's law in magnetism) (Non-existence of magnetic monopole) or magnetic field lines always form

closed loop i.e they have no starting and ending point.

iii. VXE=—— (Faraday’s law of electromagnetic induction)
(Rate of change of magnetic field is the source of an electric field)
iv. VXB = },LOT (Ampere’s Circuital law)
(Current is the source of a magnetic field)

The first three equations seem to be consistency with old mathematical operators’ divergence, curl but eq.(iv) gets trouble.
Taking divergence over fourth equation, it can be written as V. (V x B) = uO(V.T). The left side of the above equation is zero
because of divergence over curl, but the right-hand side of the equation (iv) is not zero. For steady currents, the divergence of J
is zero, but when we go beyond magnetostatics, the Ampere's law failed. Therefore, one can check the Ampere's law for non-
steady currents. Let us consider a conductor carrying steady current is placed horizontally and bring a magnetic compass
needle near to it. The deflection of needle confirms the presence of the magnetic field shown in fig.1. According to Ampere’s
Circuital Law (ACL), there must be a current due to which actual movement of charged particles take place called as
conduction current; is the source of a magnetic field.

© 2019, IJSRPAS All Rights Reserved 7


http://www.isroset.org/

Int. J. Sci. Res. in Physics and Applied Sciences Vol.7 (5), Oct 2019, E-ISSN: 2348-3423

dq - nedv, ~

1= dt ’ compass needle

Figure 1. Magnetic field due to a straight conductor carrying current

But for non-steady currents (arrange of parallel plate capacitor) in which ACL seems to fail. This difficulty is overcome by
Maxwell, introducing the concept of displacement current. Maxwell explained the Ampere's law using the law of symmetric
saying that if a varying magnetic field is the source of an electric field (Faraday's law), why not changing electric field would
be the source of the magnetic field [11]. Then, the current associated with the time rate of change of electric field is called

displacement current. Mathematically, |ig = soAZ—f where i; = displacement current, A = area of the each parallel plate, E =

electric field applied & t = time taken. So, in summary we may say that

Varying magnetic field is the source of electric field; changing electric field is also the source of magnetic field.

Il. RESULTS AND DISCUSSION

Let us consider a coil of area A is placed inside a parallel plate capacitor as shown in fig.2. Now it is connected with an
external ac source to charge the capacitor. The compass needle deflection shows the presence of conduction current outside of
the capacitor. But the deflection of the needle in between the parallel plates cannot understand [12]. The electric field set up
between the parallel plate changes with time and produces a magnetic field in absence of conduction current. According to

Ampere's circuital law, gﬁc B.dl = Holner, the existing current in the right side is due to time rate of change of magnetic field

[13]. To explain the induced current (other than conduction current), Maxwell has modified the Ampere’s circuital law by
introducing the concept of displacement current. So the time rate of change of electric field between the parallel plates
produces a current called as displacement current (i).
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Figure 2 Arrangement of parallel plate capacitor for existence of displacement current
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The modified Ampere’s circuital law can be derived from the point that the electric field between two parallel plates of area A
and charge q is given by

E = ﬁ (g0 = permittivity in free space)
0

Taking derivative of time t on either side, we get

0E _ 1 dq
t gy Ot
0E 1 i
at - E0A d
OE
= — —
ig = &4 P
. oFE .
lg = SOAE (for vacuum) Working formula

In terms of capacitance C of the given capacitor, the expression of displacement current can be derive as

We know g = CV

Taking derivative of time t on either side, we get

2= 2y
at ot
av
:Id_CE

. av .
ig=C 3¢ | working formula

The expression for displacement current in term of current density
, 0E
We know, iy = sOAE

id 0E
—_— =& —
A 0 5¢

—_— a"

Ja = €05, working formula

Where ], is the displacement current density.

Maxwell has modified the Ampere's circuital law by adding the concept of displacement current so-called as Modified
Ampere's Circuital Law/ Maxwell-Ampere’s Law. The right-hand side of the Ampere's law i,.. =i .+ i; , therefore the
modified Ampere's law can be written in the new form as

¢C B.dl = Moinet
:¢C B.dl = uo(lc-l_ld)

= T , JE
=¢ B.dl = Ho[lc+€0AE

d(EA)
ot

= §.al)=u0[ic+80
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This is the expression of Modified Ampere’s Circuital law (MACL). So; on the conclusion the presence of displacement
current satisfied equation of continuity of charge.

I11. CONCLUSION

An attempt has been made to explain the concept of Maxwell's displacement current. The current associated with a rate of
change of electric field with time provides a current called displacement current. It does not obey Ohm’s law. It depends upon
medium between parallel plates. Without the existence of displacement current, the equation of charge continuity failed. So, it
may conclude that changing the electric field is the source of the magnetic field that shown inside the capacitor. So, electric
and magnetic fields are correlated to each other and form the self sustaining electromagnetic waves which move with speed of
light.
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