Electromagnetic Fields & Waves 

UNIT-III
Current:

[image: image1.png]The current is defined as the rate of flow of charge and is measured in amperes.




[image: image2.png]The current is considered to be the motion of the positive charges. The conventional
current is due to the flow of clectrons, which are negatively charged. Hence the direction
of conventional current is assumed to be opposite to the direction of flow of the electrons.




Drift current:

[image: image3.png]The current which exists in the conductors, due to the drifting of electrons, under the
influence of the applied voltage is called drift current.



[image: image4.png]While in dielectrics, there can be flow of charges, under the influence of the electric
field intensity. Such a current is called the displacement current or convection current.
The current flowing across the capacitor, through the dielectric separating its plates is an
example of the convection current.




Current density:

[image: image5.png]The current density is a vector quantity associated with the current and denoted as J.

The current density is defined as the current passing through the unit surface areq,
when the surface is held normal to the direction of the current.

The current density is measured in amperes per square metres (A/m?).
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[image: image12.png]To derive the relation between J and p., consider differential volume Av
having charge density p, as shown in the Fig. 53. The elementary charge that

volume carries is,
MQ = p,Av




[image: image13.png]Let AL is the incremental length while AS is the incremental surface arca hence
incremental volume is,

Av = ASAL

o M =p,ASAL

Let the charge is moving in x-direction with velocity Vv and thus velocity has only x
component v, .

[Note : Velocity is denoted by small italic letter while the volume is denoted by small
normal letter.]

In the time interval At the element of charge has moved through distance Ax, in
x-direction as shown in the Fig. 5.3. The direction is normal to the surface AS and hence
resultant current can be expressed as,

AQ




[image: image14.png]But now, AQ=p, ASAx as the charge corresponding the length Ax is moved and

responsible for the current.

AX
Al = p, AS-A—t

But % = Velocity in x-direction ie. v,
Al = p, ASv,

Note that v, = x component of velocity v

But Al = JAS when J and AS arc normal

Here ] and AS are normal to cach other hence companng the two cquations,
J. = p. 7, =X component of J

In this case ] has only x mmponent.

In general, the relation between J and p, can be expressed as,
J =07
where v = Velocity vector




[image: image15.png]Such a current is called convection current and the current density is called
convection current density.

The convection current density is linearly proportional to the charge density and the velocity
with which the charge is transferred.




Continuity equation:

[image: image16.emf]
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[image: image18.emf][image: image19.emf][image: image20.png] Due to principle of conservation of charge, this rate of decrease is same as rate of
outward flow of charge, which is a current.
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[image: image23.png]Using the divergence theorem, convert the surface integral in integral form to the volume
integral.

$7+dS = [(vVe])dv
!

vol
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But Q;, = jp\. dv
vol
where p, = Volume charge density



[image: image24.png]- d 20,
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For a constant surface, the derivative becomes the partial derivative.
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If the relation is true for any volume, it must be true even for incremental volume Av.

- 0
Vehav = — gt“ Av
Y apv
Vel = %

This is the point form or differential form of the continuity equation of the current.




[image: image25.png]Steady Current
For steady currents which are not the functions of time, dp, / dt = 0 hence,

Ve = 0 (Steady current)

For such currents, the rate of flow of charge remains constant with time. The steady
currents have no sources or sinks, as it is constant.




Conductors:

When [image: image26.emf]is applied ,the moving electron strike adjacent atoms and rebound in random directions. this is called drifting of electrons. After some time, the electrons attain a constant velocity called drift velocity(vd).the current constituted due to the drifting of such electrons in metallic conductors is called drift current.
[image: image27.png]The constant of proportionality is called mobility of the clectrons in a given material
and denoted as . It is positive for the electrons.

-T_.id = —ueE

The negative sign indicates that the velocity of the electrons is against the direction of
ficld E.

Velocity _ m/s : m?2
Field V/m V-s

Now pu (Mobility) =




We know that [image: image28.emf]
[image: image29.png]But in the material, the number of protons and clectrons is same and it is always
clectrically neutral. Hence p, =0 for the neutral materials. The drift velocity is the velocity
of free electrons hence the above relation can be expressed as,

J = pda





Substituting Vd in above equation
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[image: image32.png]The relationship between ] and E can also be expressed in terms of conductivity of the
material.

Thus for a metallic conductor,

J = oF

where o = Conductivity of the material
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Resistance of the conductor:
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[image: image35.png]The direction of E is same as the direction of conventional current, which
is opposite to the flow of clectrons. The electric ficld applied is uniform and
its magnitude is given by,

v

E='l"'
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[image: image40.png]Properties of Conductor



:[image: image41.png]Consider that the charge distribution is suddenly unbalanced inside the conductor.
There are number of electrons trying to reside inside the conductor. All the electrons are
negatively charged and they start repelling cach other due to their own electric fields. Such
electrons get accelerated away from cach other, till all the clectrons causing interior
imbalance, recach at the surface of the conductor. The conductor is surrounded by the
insulating medium and hence clectrons just driven from the interior of the conductor,
reside over the surface. Thus,

1. Under static conditions, no charge and no electric field can cxist at any point
within the conducting material.

2. The charge can exist on the surface of the conductor giving rise to surface charge
density.

3. Within a conductor, the charge density is always zero.
4. The charge distribution on the surface depends on the shape of the surface.

5. The conductivity of an ideal conductor is infinite.
6. The conductor surface is an equipotential surface.



[image: image42.emf][image: image43.png]To understand the polarization, consider
an atom of a dielectric. This consists of a
nucleus with positive charge and negative
charges in the form of revolving electrons in
the orbits. The negative charge is thus
considere? to be in the form of cloud of
clectrons. This is shown in the Fig. 5.6.
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[image: image50.png]Properties of Dielectric Materials

The various properties of dielectric materials are,

1.
2.

The dielectrics do not contain any free charges but contain bound charges.

Bound charges are under the internal molecular and atomic forces and cannot
contribute to the conduction.

When subjected to an external field E, the bound charges shift ther relative
positions. Due to this, small electric dipoles get induced inside the dielectric. This
is called polarization.

Due to the polarization, the dielectrics can store the energy.

5. Duc to the polarization, the flux density of the dielectric increases by amount equal

to the polarization.

The induced dipoles produce their own electric field and align in the dircction of
the applied electric field.




[image: image51.emf][image: image52.png]The minismum value of the applied electric field at which the dielectric breaks down is called
dielectric strength of that dielectric.

The dielectric strength is measured in V/m or kV/cm. It also can be stated as the
maximum value of electric field under which a dielectric can sustain without breakdown.
Once breakdown occurs, dielectric starts conducting and no longer behaves as dielectric.
Hence all the dielectrics are assumed to be either ideal or are not in a breakdown

condition.



[image: image53.emf][image: image54.emf][image: image55.png]Consider the conductor free space boundary as shown in the Fig.
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[image: image70.png]Boundary between two perfect dielectrics
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[image: image78.emf][image: image79.png]Consider two conducting materials M; and M, which are placed in a dielectric
medium having permittivity €. The material M, carries a positive charge Q while the
material M, carries a negative charge, equal in magnitude as Q. There are no other
charges present and total charge of the system is zero. In conductors, charge cannot reside
within the conductor and it resides only on the surface. Thus for M, and M,, charges + Q
and ~ Q reside on the surfaces of M, and M, respectively. This is shown in the Fig.
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[image: image80.emf][image: image81.emf][image: image82.emf][image: image83.emf][image: image84.png]Capacitors in Series

Consider the three capacitors in secries connected across the applied voltage V as
shown in the Fig. Suppose this pushes charge Q on C; then the opposite plate of C;
must have the same charge. This charge which is negative must have been obtained from

the connecting leads by the charge separation which means that the charge on the upper
plate of C, is also Q. In short, all the three capacitors have the same charge Q.
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[image: image95.png]Parallel Plate Capacitor

A parallel plate capacitor is shown in
the Fig. 5.16. It consists of two parallel
metallic plates separated by distance 'd'.
The space between the plates is filled with
a dielectric of permittivity €. The lower
plate, plate 1 carries the positive charge
and is distributed over it with a charge
density + pg. The upper plate, plate 2
carries the negative charge and is
distributed over its surface with a charge
density - ps. The plate 1 is placed in z = 0
ie. xy plane hence normal to it is
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