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Objective:

The aim of this course is to establish a grounding in electromagnetism in preparation for more advanced
courses. The major concepts covered are: the abstraction from forces to fields using the examples of the
gravitational, electric and magnetic fields, with some applications; the connection between conservative
forces and potential energy; how charges move through electric circuits; the close connection between
electricity and magnetism, leading to the discovery of electromagnetic waves.

UNIT - I

Electrostatics: Electrostatic Field, electric flux, Gauss's theorem of electrostatics. Applications of Gauss
theorem- Electric field due to point charge, infinite line of charge, uniformly charged spherical shell and
solid sphere, plane charged sheet, charged conductor.

UNIT - 11

Electric potential as line integral of electric field, potential due to a point charge, electric dipole,
uniformly charged spherical shell and solid sphere. Calculation of electric field from potential.
Capacitance of an isolated spherical conductor. Parallel plate, spherical and cylindrical condenser. Energy
per unit volume in electrostatic field. Dielectric medium, Polarisation, Displacement vector. Gauss's
theorem in dielectrics. Parallel plate capacitor completely filled with dielectric.

UNIT - I

Magnetostatics: Biot-Savart's law and its applications- straight conductor, circular coil, solenoid carrying
current. Divergence and curl of magnetic field. Magnetic vector potential. Ampere's circuital law.
Magnetic properties of materials: Magnetic intensity, magnetic induction, permeability, magnetic
susceptibility. Brief introduction of dia-, para- and ferro-magnetic materials.

UNIT - IV
Electromagnetic Induction: Faraday's laws of electromagnetic induction, Lenz's law, self and mutual
inductance, L of single coil, M of two coils. Energy stored in magnetic field.

UNIT -V

Maxwell’s equations and Electromagnetic wave propagation: Equation of continuity of current,
Displacement current, Maxwell's equations, Poynting vector, energy density in electromagnetic field,
electromagnetic wave propagation through vacuum and isotropic dielectric medium, transverse nature of
EM waves, polarization.
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UNIT-I

Topics to be covered Support
materials

Introduction
Electrostatic Field,electric flux T2:47

Gauss's theorem of electrostatics T1:13-14
Applications of Gauss theorem-Electric field due to | T2:52

point charge
Continuation
infinite line of charge T1:18-19
Continuation
uniformly charged spherical shell and solid sphere | T2:52-53
Continuation
Continuation
plane charged sheet T1:21

charged conductor T1:17-18
Problems
Revision

N N
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TEXTBOOK:
T1: Electricity and Magnetism by R.Murugesan, S.Chand & company, New Delhi.

T2: Electricity and Magnetism by D.C.Tayal, Himalaya publishing house.

T3: Electromagnetic theory by Chopra and Agarwal, S.Chand & company, New Delhi.
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UNTI-II

No. of hours Topics to be covered Support
(16) materials
Introduction
Electric potential as line integral of electric | T1:35-37
field,potential due to a point charge,electric
dipole
Continuation
potential due to a point charge, electric dipole | T1:36
uniformly charged spherical shell and solid | T1:39-42
sphere
Continuation
Calculation of electric field from potential T1:43-44
Capacitance of an isolated spherical conductor | T1:57-59
Parallel plate T1.60
spherical and cylindrical condenser T1:59
Energy per unit volume in electrostatic field T1:67-68
Dielectric medium, Polarisation, Displacement | T1:279
vector
Continuation
Gauss's theorem in dielectrics T1:281
Parallel plate capacitor completely filled with | T1:302-
dielectric 303

Revision

TEXTBOOK:

T1: Electricity and Magnetism by R.Murugesan, S.Chand & company, New Delhi.

T2: Electricity and Magnetism by D.C.Tayal, Himalaya publishing house.
T3: Electromagnetic theory by Chopra and Agarwal, S.Chand & company, New Delhi.
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UNIT-111

Topics to be covered

Support
materials

Introduction

Biot-Savart's law

T1:132-
133

applications- straight conductor

T3:124

circular coil

T3:125

solenoid carrying current

T3:126

Divergence and curl of magnetic field

T1:416

Magnetic vector potential

Magnetic vector potential

T1:345-
346

Ampere’'s circuital law

T1:155-
156

Magnetic intensity, magnetic induction, permeability,
magnetic susceptibility

T1:247

permeability, magnetic susceptibility

T1:249-
250

Brief introduction of dia-, para- and ferro-magnetic materials

Continuation

Continuation

T1:250-
251

Revision

TEXTBOOK:

T1: Electricity and Magnetism by R.Murugesan, S.Chand & company, New Delhi.

T2: Electricity and Magnetism by D.C.Tayal, Himalaya publishing house.

T3: Electromagnetic theory by Chopra and Agarwal, S.Chand & company, New Delhi.
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UNIT-IV

Topics to be covered Support materials

Introduction
Faraday's laws of electromagnetic T1:162-163
Lenz's law
Self-inductance T1:164-166
Continuation
mutual inductance T1:171

L of single coil T1:166-170
Continuation
M of two coils T1:172
Energy stored in magnetic field T2:428
Problems
Continuation
Revision

A

TEXTBOOK:
T1: Electricity and Magnetism by R.Murugesan, S.Chand & company, New Delhi.

T2: Electricity and Magnetism by D.C.Tayal, Himalaya publishing house.

T3: Electromagnetic theory by Chopra and Agarwal, S.Chand & company, New Delhi.
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UNIT-V

Topics to be covered Support
materials

Introduction
Equation of continuity of current T3:171-172
Displacement current T3:274-275
Maxwell's equations T1:400-401
Continuation
Poynting vector T1:277
energy density in electromagnetic field T3:188-196
Continuation
electromagnetic wave propagation through vacuum T3:230-234
Continuation
isotropic dielectric medium T3:235-239
Continuation
transverse nature of EM waves T1:491-492
Revision

Old question paper discussion
Old question paper discussion
Old question paper discussion
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TEXTBOOK:
T1: Electricity and Magnetism by R.Murugesan, S.Chand & company, New Delhi.

T2: Electricity and Magnetism by D.C.Tayal, Himalaya publishing house.

T3: Electromagnetic theory by Chopra and Agarwal, S.Chand & company, New Delhi.

Prepared by N.Geetha, Assistant professor, Department of physics, KAHE.
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UNIT-I
SYLLABUS

Electrostatics: Electrostatic Field, electric flux, Gauss's theorem of electrostatics.
Applications of Gauss theorem- Electric field due to point charge, infinite line of charge,
uniformly charged spherical shell and solid sphere, plane charged sheet, charged

conductor.

Electrostatic Field:

To calculate the force exerted by some electric charges, g1, gz, g3, ... (the source charges) on
another charge Q (the test charge) we can use the principle of superposition. This principle
states that the interaction between any two charges is completely unaffected by the presence of
other charges. The force exerted on Qby q1, g2, and g3 (see Figure 2.1) is therefore equal to the
vector sum of the force & exerted by g, on Q, the force % exerted by gz on Q, and the

force F exerted by g3 on Q.

Ftot
F1

® =
® «

Figure 1. Superposition of forces.
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The force exerted by a charged particle on another charged particle depends on their separation
distance, on their velocities and on their accelerations. In this Chapter we will consider the
special case in which the source charges are stationary.

The electric field produced by stationary source charges is called and electrostatic field. The
electric field at a particular point is a vector whose magnitude is proportional to the total force
acting on a test charge located at that point, and whose direction is equal to the direction of the
force acting on a positive test charge. The electric field E, generated by a collection of source

charges, is defined as

Q| =l

where F is the total electric force exerted by the source charges on the test charge Q. It is
assumed that the test charge Q is small and therefore does not change the distribution of the

source charges. The total force exerted by the source charges on the test charge is equal to

|
[}
2|
+
e |
+

=— -q‘TQr,+grﬁ+¥rz+...l= = i.‘.rl.
4w\ LA n ) 4me, ol

The electric field generated by the source charges is thus equal to

l &G -
e
4me, ..z_:'r.."' !

Q|

E:

In most applications the source charges are not discrete, but are distributed continuously over

some region. The following three different distributions will be used in this course:

1. line charge A: the charge per unit length.

2. surface charge o: the charge per unit area.

3. volume charge p: the charge per unit volume.
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To calculate the electric field at a point 7 generated by these charge distributions we have to
replace the summation over the discrete charges with an integration over the continuous charge

distribution:

E\P
1. for a line charge: 4, T

ElP,
2. for a surface charge: T sume

3. for avolume charge: —~ *™ wiwe

Here 7 is the unit vector from a segment of the charge distribution to the point 7 at which we
are evaluating the electric field, and r is the distance between this segment and point 7.

Electric Flux:

The concept of electric flux is useful in association with Gauss' law. The electric flux through a
planar area is defined as the electric field times the component of the area perpendicular to the
field. If the area is not planar, then the evaluation of the flux generally requires an area

Electric flux:

flux= = EAcosd :D:jEcnsadA

AJ.to

-
Electric
field

integral since the angle will be continually changing.
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When the area A is used in a vector operation like this, it is understood that the magnitude of the

vector is equal to the area and the direction of the vector is perpendicular to the area.
Gauss's theorem of electrostatics:

Statement :
“The total normal electric flux over a closed surface in an electric field is equal to 1/50

times the total charge enclosed by that surface.”

Mathematically it may be expressed as

0= 3€SEcosads = fSE.ds.

Proof.
() When the charge lies inside the closed surface: Let us consider a source producing the field

IS a point charge + g situated at O inside the closed surface as shown in Figure 7.17.

Let dS be an infinitesimal element of the surface at point P and OP =r. As shown in Figure , the
electric field strength vector E makes angle 8 with the unit vector n drawn normal to the surface

element dS surrounding point P. The surface integral of the normal component of this electric

field over the closed surface is given by [ s E. n dS.

The electric field strength E at the point P is given by
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1
E= i:, r
4ne, r

Now, it can be seen that the quantity ( r .n/r dS) gives the projection of area dS on theplane
perpendicular to r and therefore.

projected area r>=r.ndS /rs= dw
where dw is the solid angle subtended by dS at 0.

From equation (1) and (2) we get

[fsE nds=1/4nso q [ [dw

But [ [sdw = 4m = solid angle subtended by entire closed surface at an internal point

[[sE nds=1/4n50q .4 =0/5 0

This result is known as Gauss’s law for a single point charge enclosed by the surface.

If several point charges qi, 02, 0s . . . . On be enclosed by the surface 5, then total electric field is
givenbyLqi(=q1+02+0Qs+.......+qn). Each charge subtends a full solid angle 4n and

equation (4) becomes -

”SE.F: i = Eiiq,-

0i=1

(i) When the charge is situated outside the closed surface:
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If the charge q is outside the surface (Figure), then the surface 5 can be divided into areas
S1, Sz, Sz and Sseach of which subtends the same solid angle at the charge g. But at S; and Ssthe
directions of the outward drawn normal are away from g, while at S, and S, they are toward q.
Therefore the contributions of two pairs (S1, S3) and (Sz, S4) to the surface integral are equal and
opposite. Asa result the Net surface integral of the normal component of the electric field

Evanishes, i.e.,

[[sE.nds=[[sE.ds=0

equations (4) and (6) represents the integral form of the Gauss’s law.

Differential Form of Gauss’s law:

Let a charge q be distributed over a volume V of the closed surface 5 and p be the chargedensity;

then the charge q may be given as

q=JJJvpdV = [ pdV
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Thus the total flux through the surface S ; 1
=fE.ds= q=—|pav

s €
According to Gauss divergence theorem the surface integral may be converted into volume

integral as

iE.dS = [ (div.B)av = L(V.E)dv
Hence From equation (2) ,we obtain
fvdivEdv=1/50 [vpdv
divE=1/goP

A E=1/50P

As the displacement vector D is defined as
D = 50 E, we have

AD=divD=p

Equations (4) and (5) are differential form of Gauss’s law of electrostatics

Applications of Gauss theorem:

(A) Electric field due to point charge:

We have considered Coulomb’s law as fundamental equation of electrostatics and have
derived Gauss’s law from it. However Coulomb’s law can also be derived from Gauss’s law.

This is done by using this law to obtain the expression for the electric field due to a point charge.
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Figure : Electric field at a point on the spherical Gaussian surface surrounding a point charge.

Consider the electric field due to a single positive point charge g. By symmetry, the field is
everywhere radial and its magnitude is the same at all points, that are at the same distance r from
the charge as shown in figure 3B.1. Hence, if we select, as a Gaussian surface, a spherical
surface of radius r, at all points on this surface and the field is radial. If we consider a small
elementary area of this gaussian surface, the area vector is in the radial direction i.e.

perpendicular to surface. Then.

j'E_.il:_[E 1dA=E.[dA=EA-E(4ar)

<

From Gauss’s law

The force on a point charge q’ at a distance r from the charge g is then

L 9y

F=q'E = -
1 dne. ¢

which is Coulomb’s law.

(B) Electric field due to infinite line of charge:
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Consider a long thin uniformly charged wire and we have to find the electric field
intensity due to the wire at any point at perpandicular distance from the wire.

If the wire is very long and we are at point far away from both its ends then field lines
outside the wire are radial and would lie on a plane perpandicular to the wire.

Electric field intensity have same magnitude at all points which are at same distance from
the line charge.

We can assume Gaussian surface to be a right circular cylinder of radius r and length |

with its ends perpandicular to the wire as shown below in the figure.

\/

Ifql
+JU+++++++++|-L++
b Ly

[

A is the charge per unit length on the wire. Direction of E is perpendicular to the wire and
components of E normal to end faces of cylinder makes no contribution to electric flux.

Thus from Gauss's law

$E -da - Gone
£
Now consider left hand side of Gauss's law

$E -da=E}da

Since at all points on the curved surface E is constant. Surface area of cylinder of radius r

and length | is A=2mrl therefore,
$E-da = EQml)
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o Charge enclosed in cylinder is g=linear charge density x length | of cylinder,
or, g=Al
From Gauss's law
§E-da = g
£y

or EQal) = 2

Thus electric field intensity of a long positively charged wire does not depends on length

of the wire but on the radial distance r of points from the wire.

(C) Electric field due to uniformly charged spherical shell:
Electric Field due to a uniformly charged sphere

A spherically symmetric distribution of charge means the distribution of charge where the charge
density p depends only on the distance of the point from the center and not on the direction. Let
the spherically symmetric charge distribution be characterised by a charge density function, p(r),
which varies in a certain manner, with distance, from the center of the spherical surface.
Consider first the case of a charge g that is uniformly distributed over a sphere of radius R. Let

us calculate the electric field strength at any point distant r from the centre

(i) Electric field strength at an external point
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dne.¢

which is the same if the charge q were placed at the centre O.

Hence the electric field strength, at any point outside a spherical charge distribution,
is the same as through the whole charge were concentrated at the centre.

(ii) Electric field strength at the surface of the spherical charge distribution

In this case, the point P lies on the surface of the spherical charge i.e. r=R. Hence
the electric field strength, on the surface of the spherical charge distribution, is

e 4
4re.R°

(iii) Electric field strength at an internal point

Let P be an internal point at a distance r (r < R)from the centre of the charge
distribution. Consider a sphere of radius (OP=r) concentric with the spherical charge
(figure 3B.3). Let p be the volume charge density (charge per unit volume)

_ charge q

volume % iR

Let the whole surface be dividedinto thin spherical shells. The electric field strength E;,
at P, is the combined effect of shells outside the spherical surface of radius r, as well as
those inside it. But the electric field strength contribution due to the outer spherical
shells, is zero which may be seen as follows:

Figure 3B.3 Electric field at a point inside uniformly charged sphere.

Consider any point P, inside a charged thin shell of radius x. We have to find the
electric field strength at P due to this shell. Consider a spherical surface of radius OP

(=r) concentric with this spherical shell. By symmetry, the electric field strength, E
, at every point of this spherical surface, has the same magnitude and is directed
along the outward drawn-normal to this surface. The electric flux through the whole

surface I€.£=J'Eda=Ejda=E(4frr:). According to Gauss’s theorem,
s s 3

Ednr’= thotal charge enclosed by the surface. This equals zero since the net
€Eo

charge enclosed by this internal surface is zero. This implies that E=0.
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Thus electric field strength, due to a charged spherical shell, at an internal point is zero. Hence
the electric field strength, E;, at P, is due to the inner shells only, which may be found as follows:

By symmetry, the electric field strength E; at every point of the spherical surface of radius r has
the same magnitude and is directed along the outward drawn normal to the surface. The total

electric flux through the whole surface

_[‘Euﬁ:_[Eda:Eifda:Eﬂm:).

<

1
B=——-1
;| N— , AMEIR
Eia 1
E E.a =
s r
E |
Q R

I‘—)

Figure 3B.4 Electric field due to a uniformly charged sbhere as a function of distance
from the centre of sphere.

. % 1 .
According to Gauss's law, E.4mr” =—xcharge enclosed by the Gaussian surface

o
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1 . [ .
=—IP(4M')dX=—P-m'
€ €, 3 ’ \

1 (4 )\ 1 4
=E= —mp |=
) 4

L Snce p=—o
dne3 "

1 o— 4_-— 3|
mEy 3 E‘TR —nR'I-

¢

dne R’

Thus the electric field strength, at a point P inside a spherically symmetric charge
distribution, is directly proportional to the distance of the point P from the centre of
the spherical charge. The variation, of the maanitude of the electric field strength,
with distance, from the centre of a spherically symmetric charge distribution, is,
therefore, represented by the curve shown in figure 3B.4.

(D) Electric field due to uniformly charged solid sphere:

o We'll now apply Gauss's law to find the field outside uniformly charged solid sphere of
radius R and total charge g.
« In this case Gaussian surface would be a sphere of radius r>R concentric with the charged

solid sphere shown below in the figure.From Gauss's law

fE-da ==

Ly

where q is the charge enclosed.

e Charge is distributed uniformly over the surface of the sphere. Symmetry allows us to
extract E out of the integral sign as magnitude of electric field intensity is same for all
points at distance r>R.

e Since electric field points radially outwards we have

VE - da=Efda
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also as discussed magnitude of E is constant over Gaussian surface so,

Efda=E(4m?)

where 47 is the surface area of the sphere.

Again from Gauss's law we have

E(az= L
£y
—g-_—9
daz,r”

Thus we see that magnitude of field outside the sphere is exactly the same as it would

have been as if all the charge were concentrated at its center.

(E) Electric field due to plane charged sheet:

Electric field due to an infinite plane sheet of charge
o Consider a thin infinite plane sheet of charge having surface charge density o(charge per
unit area).
o We have to find the electric field intensity due to this sheet at ant point which is distance

r away from the sheet.
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We can draw a rectangular gaussian pillbox extending equal distance above and below
the plane as shown below in the figure.

wE

By symmetry we find that Eon either side of sheet must be perpendicular to the plane of
the sheet, having same magnitude at all points equidistant from the sheet.

No field lines crosses the side walls of the Gaussian pillbox i.e., component of E normal
to walls of pillbox is zero.

We now apply Gauss's law to this surface

]EE-dﬂ=if—:‘

in this case charge enclosed is

g=cA

where A is the area of end face of Gaussian pillbox.

E points in the direction away from the plane i.e., E points upwards for points above the

plane and downwards for points below the plane. Thus for top and bottom surfaces,

§E -da=24|E|

thus
2A|E|=cA/gg
or,

IE|=0/2¢0
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Here one important thing to note is that magnitude of electric field at any point is
independent of the sheet and does not decrease inversely with the square of the distance.

Thus electric field due to an infinite plane sheet of charge does not falls of at all.

(F) Electric field due to a charged conductor:

Field around a charged straight conductor (Line Charge): Consider a linear charged
conductor. Let the linear charge density be A Imagine a Gaussian cylinderof radius ‘y’ and length

‘I’,closed at each end by plane caps normal to the axis. Bysymmetry, all the lines of force go

radially outward.

As shown in Figure , no lines cross the flat ends of thecylinder and hence the [ E dS over these

end surfaces are zero.

+
! -

/’.' * ’t y—!
Gaussian +
surface M

2 -
)
5
\
*——
/
s’
-’-

_____

Over the remaining surface of cylinder, the field is uniform and outward.

.. Applying Gauss theorem

P=9/e0 =IMgg

Net flux passing over the Gaussian surface
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= §E dS cos 0

:E§d5:£f2w)z

From equations (1) and (2),= E (2ny) | or
But q /€0 =c (2mal)/ep=(A/2ma) (2ma)/eo =Al
From equations (1) and (2),

Al /eo = E (2meor)

Electric field due to a charged conductor (Coulomb’s theorem):

Statement : The electric field at any point near a charged conductor is 1/c.0 times the surface
density of charge on the surface.

Proof: Let “‘AB’ be a large conducting surface and ¢ be the surface charge density. To find the
field at a point P,infinitely close to the charged surface, imagine a small cylinder of cross-section
‘S’ drawn with its faces parallel to the charged surface. Le one of the faces pass through P and
the other through Q inside the conductor as shown in Figure 7.26. Normal component of E,
through the sides of the cylinder, formed by faces enclosing P and Q i.e., Gaussian surface is

Zero.

1

FIGURE 7.26
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Since the charge resides on the surface of the conductor, there is no charge on the face enclosing
‘Q’ and therefore normal component of E through the area dS is also zero. Hence the normal

component of ‘E’ is only through containing ‘P’.
or

According to Gauss theorem,

Eds =ods/gg

E = G/So
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QUESTIONS

OPTION 1

OPTION 2

OPTION 3

OPTION 4

ANSWER

UNIT-I

If the distance between two charge is doubled the
electrostatic force between the charge will be

fourtime more

four time less

will increase into
two times

will decrease into
two times

four time less

The field due to a wire of uniform charge density at a
perpendicular distance y from it

increases with
increase in 'y

decrease with
increaase in 'y

remains constant

depends upon the
length of the wire

decrease with
increaase in 'y

Field due to a uniformly charged ring at an axial point at
distance very large as compared to the radius of the ring

independent of x

directly
proportional to x

directly
proportional to
x"2

inversely
proportional to
x"2

inversely
proportional to
x"2

Electric charge enclosed by Gaussian surface is 0 1 min max 0
For gauss's law point charges in closed surface must be
distributed arbitrarily sequentially rational in line arbitrarily
Gauss law is €,JE.ds=q A.D=p/¢, A.D=q/¢, |E.ds=p €,JE.ds=q
The unit of Polarization is coulomb/m’ coulomb/m coulomb.meter  |coulomb.meter2 |coulomb/m’
Electric field intensity outside two charged parallel plate
1S o/2¢, o /g infinity 0 0
The total electric flux over any closed surface is € o /g g/ G q/ & q/ &
uniform and uniform and uniform and
perpendicular to |parallel to the perpendicular to
Electric flux lines due to an infinite sheet of charge is converging radial the sheet sheet the sheet

One electron volt is

1.6 x 10'19joule

1.6 x 10-19volt

1.6 x 10-19joule

1.6 x 10 -21joule

1.6 x 10’19joule

law establishes a relationship between the

electric flux and the electrostatic charge. Lenz’s Keplers Faraday Gauss’s Gauss’s
The ratio €/€0 is a dimensionless quantity known as relative relative absolute relative
permeability permittivity permittivity permeability permittivity

The electric field lines begin at the
and terminate at the

charge.

charge

positive, negative

negative, positive

both positive

both negative

positive, negative




Total electric flux emanating from a charge q coulomb
placed in air is

q/€o

€ q

4mq

q/€o

Gauss's law due to different charge distribution is used to
calculate

electric field

electric charge

electric intensity

electric field
lines.

electric intensity

The total flux across a closed surface enclosing charge is

shape of the

volume of the

actual spatial
argument of
charges within

independent of closed surface enclosure the surface all
Electric field intensity two charged parallel plate is o/2¢, #VALUE! olg, 0] o/g,

harmonic in
Electrostatic field is always Solenoidal Irrotational character rotational Irrotational
The unit of Electric flux is Gauss’s Weber Nm~c” Nc¢'! Nm’¢’
.Mechanical pressure on the surface of a charged
conductor having surface charge density o is €0 o’/ € o/ 2€ 6 /2¢, o/ 2€

total of both free
Gauss’s law in a dielectric medium takes the form total free charge [polarization and polarization total free charge
[D.ds=q,where q is . enclosed charges charges Zero enclosed
If the separation between two charges is increased the may increase or |[may increase or
electric potential energy always decreases |always increases |remains the same|decrease decrease

inversely

Electric intensity due to an infinitely long plane sheet of a
conductor at appoint close to its surface is

independent of r

proportional to
17

proportional to r

proportional to
1/r

independent of r

the shape of the

The total electric flux through a closed surface depends | location of the |closed surface the value of the |both charge and | the value of the
on charge only only net charge only |shape net charge only
Electric field intensity due to an infinite plane sheet of
charge is o/g q/2¢ o/2¢, q/g 6/2¢,
Law stated as flux is '/g, times total charge is ohms law newton's law gauss's law coulombs law. | gauss's law
dependent on the
A Gaussian sphere closes an electric dipole within it. half due to a double due to a position of the
Then the total flux through the sphere is single charge single charge Zero dipole Zero
The Flux of electric field is scalar vector Zero infinity scalar
Flux density is measured in Tesla Weber Ampere- turn Maxwell Tesla

Which of the following quantities are scalar?

dipole moment

electric force

electric field

electric potential

electric potential




A dipole is placed in a uniform electric field with its axis

both a net force

neither a net

neither a net

parallel to the field. It experiences only a net force | only a torque and torque force nor a torque |force nor a torque
Electric potential energy U of two point charges is q1q2/480nr2 q,qx/4€qmr pEsin® pEcos6 q1qp/4€qmr

If a point lies at a distance x from the midpoint of the
dipole, the electric potential at the point is proportional to 1/x> 1/x° 1/x* 1/x" 1/x>
The law that governs the force between electric charge is
called Amperes Coulomb law Faraday Ohms Coulomb law
The minimum value of the charge in any object cannot be
less than 1.6 x 107%™ 132 x 107%™ 14.8 x 10"°°"™ |1 coulomb 1.6 x 1077e0vom®
An electric field can deflect X rays neutrons alpha particle gamma rays alpha particle

Inside the hollow spherical conductor, the potential

1S constant

varies directly as
the distance from
the centre

varies inversely
as the distance
from the centre

varies inversely
as the square of
the distance from
the centre

1S constant

The intensity at a point due to a charge is inversely
proportional to

amount of the
charge

size of the charge

distance of the
point

square of the
distance from the
charge

square of the
distance from the
charge

The distance between two charge is douled then the force

between them would become half one-fourth doubled four times one-fourth
A surface enclosed an electric dipole, the flux through the
surface is infinite positive negative Zero Zero
neither vector nor
Electric potential is a vector quantity [scalar quantity  [scalar fictitious quantity [scalar quantity

The potential at any point inside a charged sphere is

Z€10

same as potential
on the surface

smaller than the
potential on the
surface

greater than the
potential on the
surface

same as potential
on the surface

Two smallspheres eaach carrying a charge q are placed r
metre apart, one of the spheres is taken around the other

force between

force between

force between

one in a circular path, the work done will be equal to them x r them x 2r them / 2nr Zero Zero
J=Coulomb x J=Coulomb x
State which of the following is correct? volt J=Coulomb / volt [J=volt/ ampere |J=volt x ampere |volt
either negative either negative
A positively charged glass rod attracts an object. The negatively charged or positively charged or
object must be charged neutral neutral charged neutral




A charge q islocated at the centre of a hypothetical cube.

The electric flux through any face of the cube is q/€0 q/2¢€0 q/4€0 q/4€0 q/4€0
The force between two electrons seperated by a distance r relative
varies as "2 permittivity -1 -2 -2
The energy stored per unit volume of the medium of
relative permittivity is B2 E*/2 €6oE/2 cE/2 B2
All magnetic moments within a domain will point in the
direction. Different Same Positive Negative Same
The electrical energy consumed by a coil is stored in the
form of: magnetic field force field electrostatic field |electrical field |magnetic field
passing through a [that has neutral |passing through a
Electricity may be generated by a wire: carrying current |wrapped as a coil |flux field domains flux field
lines of magnetomotive
A magnetic field has: reluctance polar fields lines of force force lines of force

The polarity of induced voltage while a field is collapsing
is

opposite to the
force creating it

independent of
the force creating
it

identical to the
force creating the
field

present only if
the force is
stationary

opposite to the
force creating it

What is magnetic flux?

the number of
lines of force in
webers

the number of
lines of force in
maxwells

the number of
lines of force in
flux density

the number of
lines of force in
teslas

the number of
lines of force in
webers
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UNIT-II
SYLLABUS

Electric potential as line integral of electric field, potential due to a point charge,
electric dipole, uniformly charged spherical shell and solid sphere. Calculation of electric
field from potential. Capacitance of an isolated spherical conductor. Parallel plate, spherical
and cylindrical condenser. Energy per unit volume in electrostatic field. Dielectric medium,
Polarisation, Displacement vector. Gauss's theorem in dielectrics. Parallel plate capacitor

completely filled with dielectric.

Electric potential as line integral of electric field:

The requirement that the curl of the electric field is equal to zero limits the number of vector
functions that can describe the electric field. In addition, a theorem discussed in Chapter 1 states
that any vector function whose curl is equal to zero is the gradient of a scalar function. The
scalar function whose gradient is the electric field is called the electric potential V and it is

defined as
E=-VV

Taking the line integral of V V between point a and point b we obtain
b— . o b_
[VVvedl=vib)-V(a)=—-| Eedl
Taking a to be the reference point and defining the potential to be zero there, we obtain for V(b)

Lo b__ -
Vib) :—L Eedl

The choice of the reference point a of the potential is arbitrary. Changing the reference point of

the potential amounts to adding a constant to the potential:
Lo b - a __ - b __ - Lo
V(b)=-| Eedl =—| Eedl- [ Eedl =K +V(b)
where K is a constant, independent of b, and equal to

K= Eedl
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However, since the gradient of a constant is equal to zero

E=-VV'=-VV =E

Thus, the electric field generated by V'is equal to the electric field generated by V. The physical
behavior of a system will depend only on the difference in electric potential and is therefore
independent of the choice of the reference point. The most common choice of the reference

point in electrostatic problems is infinity and the corresponding value of the potential is usually

taken to be equal to zero:
\ .
V(b) =] Eedl

The unit of the electrical potential is the Volt (V, 1V = 1 Nm/C).

Potential due to a point charge:

Consider a positive test charge +q is placed at point O shown below in the figure.

0 P

[ L
_{!

e We have to find the electric potential at point P at a distance r from point O.

« If we move a positive test charge g' from infinity to point P then change in electric
potential energy would be

v,-U, =-H
4z,

« Electric potential at point P is

rr Tr
E’- _L‘;—L':_ -g
T 3

g dmgr (&)

« Potential V at any point due to arbitrary collection of point charges is given by
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1 La
V= — (2)
4=, ; ¥;

o here we see that like electric field potential at any point independent of test charge used
to define it.

e For continuous charge distributions summation in above expressin will be replaced by the

integration
1 -dg
I” = —
4,’:53]- r a0

where dq is the differential element of charge distribution and r is its distance from the point at

which V is to be calculated.

Electric dipole:

An electric dipole is two charged objects, with equal but opposite electric charges, that
are separated by a distance. The electric field caused by a dipole falls off as the cube (third
power) of the distance from the dipole, and has a directional variation that depends on whether
you’re moving along the line separating the two charges or perpendicular to it. A dipole can be
created, for example, when you place a neutral atom in an electric field, because the positively-
charged constituents of the atom will be pulled one way, and the negatively-charged constituents

the other way, creating a separation of charge in the direction of the field.
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Electric field of Uniformly charged solid sphere:

¢ Radius of charged solid sphere: R

Electric charge on sphere:
(_2 = J{,}I-'r = ;_L__—;—J(JR'{;.

e Use a concentric Gaussian sphere

of radius 7.
. (
e 7> R: E(4dmr”) = 2
1 Q
o o '4:H€|| F'j H H
2. ]_ ,-'-lf q : I i
s 7 < R: E{;_Lﬂ'r"J — F_ (?T-},%ﬂ) \
p 1 Q
= E(r)=—r= e
l:jr:l BEH ! -'-]:TI—E[} R.3 3

Calculation of electric field from potential:

One of the values of calculating the scalar electric potential (voltage) is that theelectric field can
be calculated from it. The component of electric field in any direction is the negative of rate of
change of the potential in that direction.

If the differential voltage change is calculated along a direction ds, then it is

seen to be equal to the electric field component in that direction times the E
distance ds. 6’
ds

—
Evaluate the volta
dV =—E-ds=—Eds Vo The voTage
’ change dv along

the direction of S
The electric field can then be expressed as
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AV dy | Thisis called a partial
E_s == along ds, or E‘_ = -

ds ds derivative.

For rectangular coordinates, the components of the electric field are

aV aVv aV
E=——+ E=—— E =-

Capacitance of an isolated spherical conductor:

Capacitance of an isolated conductor

When a conductor is charged its potential increases. It is found that for an isolated conductor
(conductor should he of finite dimension, so that potential of infinity can he assumed to he
zero) potential of the conductor is proportional to charge given to it.

g = charge on conductor 4
V = potential of conductor Isolated conductor
qoeV

= q=CvV

Where C is proportionally constant called capacitance of the conductor.
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Let there is charge Q on sphere.

K
Potential V = R

Hence by formula : Q = CV

q-tka
R
C=4neR

(i) If the medium around the conductor is vacuum or air.:
C = 4dng R

Vacuum

R = Radius of spherical conductor. (may be solid or hollow)

(ii) If the medium around the conductor is a dielectric of constant K from surface of
sphere to infinity then

|::mecli.r'n = 4HEUKR
Cmedium \ .
(iii) c._ = K = dielectric constant.
air / vaccum
Capacitor:

A capacitor or condenser consists of two coductors separated by an insulator or dielectric.

(i) When uncharged conductor is brought near to a charged conductor, the charge on
conductors remains same hut its potential dcreases resulting in the increase of capacitance.

(ii) In capacitor two conductors have equal but opposite charges.

(iii) The conductors are called the plates of the capacitor. The name of the capacitor depends
on the shape of the capacitor.

(iv) Formulae related with capacitors:
(a) Q=cv
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Q. Q, Qg
:> C = —_—= =
V V.-V, V-V,

Q) = Charge of positive plate of capacitor.
\V = Potential difference between positive and negative plates of capacitor
C = Capacitance of capacitor.

(v) The capacitor is represented as following :

—— . -

(vi) Based on shape and arrangement of capacitor plates there are various types of capacitors:
(a) Parallel plate capacitor

(b) Spherical capacitor.

(c) Cylindrical capacitor

(v) Capacitance of a capacitor depends on

(a) Area of plates.

(b) Distance between the plates.

(c) Dielectric medium between the plates.

Spherical Capacitor:

A spherical capacitor consists of two concentric spheres of radii a and b as shown. The inner
sphere is positively charged to potential V and outer sphere is at zero potential.

The inner surface of the outer sphere has an equal negative charge.

The potential difference between the spheres is

__Q aQ
 dng,a  dngb

Hence, capacitance

_ Q 4mzab
"V (b-a)

Parallel Plate Capacitor:
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Two metallic parallel plates of any shape but of same size and separated by small distance
constitute parallel plate capacitor. Suppose the area of each plate is A and the separation
between the two plates is d. Also assume that the space between the plates contains
vacuum.

We put a charge g on one plate and a charge —q on the other. This can be done either by
connecting one plate with the positive terminal and the other with negative plate of a
battery (as shown in figure a ) or by connecting one plate to the earth and by giving a charge
+q to the other plate only. This charge will induce a charge - ¢ on the earthed plate. The
charges will appear on the facing surfaces. The charges density on each of these surfaces
has a magnitude o = g/A.

+q _q

=
S

+

+++ + + +.0

+ o+ o+ + +

(@) (b)

If the plates are large as compard to the separation between them, then the electric field
between the plates (at point B} is uniform and perpendicular to the plates except for a small
region near the edge. The magnitude of this uniform field E may be calculated by using the
fact that both positive and negative plates produce the electric field in the same direction
(from positive plate towards negative plate) of magnitude o/2¢, and therefore, the net elec-
tric field between the plates will he,

g9 ,9 _9

2ep Zgg gy

Outside the plates (at point A and C) the field due to positive sheet of charge and negative
sheet of charge are in opposite directions. Therefore, net field at these points is zero.

The potential difference between the plates is,
(o), aqd
L&) Ag
The capacitance of the parallel plate capacitoris,

Ac £qA
q_~g or C = fot

c=4
A d d

Cylindrical Capacitor:
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Cylindrical capacitor consists of two co-axial cylinders ot radii a and b and length 1. If a
charge q is given to the inner cylinder, induced change —g will reach the inner surface of the
outer cylinder. By symmetry, the electric field in-region between the cylinders is radially

outwards.
By Gauss's theorem, the electric field at a distance r from the axis of the cylinder is

given by

iA
E= L }
2negl 1 ~ gy B
The potential difference between the cylinders is given by T =
El . —F a I — + + j—
V=-[Edr=- 1 q[ﬁz -9 ||n2] N
/ 2megl AT Znegl | b _ |
b b _ o+ g
I T |
or q 2nmeyl Ty =
r C = —=— — - *—..;_-J -
v {Inﬂi ;
L b

Energy per unit volume in electrostatic field:

Let us consider charging an initially uncharged parallel plate capacitor by transferring a
charge Q from one plate to the other, leaving the former plate with charge -Q and the later with
charge +Q. Of course, once we have transferred some charge, an electric field is set up between
the plates which opposes any further charge transfer. In order to fully charge the capacitor, we

must do work against this field, and this work becomes energy stored in the capacitor. Let us

calculate this energy.

Suppose that the capacitor plates carry a charge g and that the potential difference
between the plates is V. The work we do in transferring an infinitesimal amount of
charge dqg from the negative to the positive plate is simply

dW =V dg. @)

In order to evaluate the total work W(Q) done in transferring the total charge Q from one plate to
the other, we can divide this charge into many small increments dg, find the incremental

work dW done in transferring this incremental charge, using the above formula, and then sum
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all of these works. The only complication is that the potential difference 17 between the plates

is a function of the total transferred charge. In fact, V(q)=q/C, so

g dg

dw = == (2)
C
Integration yields
2 ad Qz
_ 9799 _ 3)
w@) = [ I=2
(Q) o C 2C

Note, again, that the work ¥ done in charging the capacitor is the same as the energy stored in

the capacitor. Since C=Q/V, we can write this stored energy in one of three equivalent forms:

3 QE _GVEZQV 4)

W_EC_ 2 2

These formulae are valid for any type of capacitor, since the arguments that we used to derive

them do not depend on any special property of parallel plate capacitors.

Where is the energy in a parallel plate capacitor actually stored? Well, if we think about it, the
only place it could be stored is in the electric field generated between the plates. This insight

allows us to calculate the energy (or, rather, the energy density) of an electric field.

Consider a vacuum-filled parallel plate capacitor whose plates are of cross sectional area A , and

are spaced a distance d apart. The electric field £ between the plates is approximately

/e — @/A

uniform, and of magnitude /% where < , and Q is the charge stored on the plates.

The electric field elsewhere is approximately zero. The potential difference between the plates

is V' = E d. Thus, the energy stored in the capacitor can be written
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w_CV _«ABd «EAd @
2 2d 5

Where, A d is the volume of the field-filled region between the plates, so if the energy is
stored in the electric field then the energy per unit volume, or energy density, of the field must
be

_ L=y E2 (5)

It turns out that this result is quite general. Thus, we can calculate the energy content of any
electric field by dividing space into little cubes, applying the above formula to find the energy

content of each cube, and then summing the energies thus obtained to obtain the total energy.

It is easily demonstrated that the energy density in a dielectric medium is

e E?
W= (6)
e = K eg
where is the permittivity of the medium. This energy density consists of two
£q EE /2
elements: the energy density held in the electric field, and the energy
(K — 1) e B / 2

density held in the dielectric medium (this represents the work done on the

constituent molecules of the dielectric in order to polarize them).

Dielectric medium and Polarisation:
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Dielectrics are insulators, plain and simple. The two words refer to the same class of
materials, but are of different origin and are used preferentially in different contexts.

« Since charges tend not to move easily in nonmetallic solids it's possible to have "islands" of
charge in glass, ceramics, and plastics. The latin word for island is insula, which is the origin
of the word insulator. In contrast, charges in metallic solids tend to move easily — as if
someone or something was leading them. The latin prefix con or com means "with". A
person you have bread with is a companion. (The latin word for bread is panis.) To take
something with you on the road is to convey it. (The latin word for road is via.) The person
you travel with who leads the way or provides safe passage is a conductor. (The latin word
for leader is ductor.) A material that provides safe passage for electric charges is a conductor.

« Inserting a layer of nonmetallic solid between the plates of a capacitor increases its
capacitance. The greek prefix di or dia means "across". A line across the angles of a
rectangle is a diagonal. (The greek word for angle is gonia — ywvia.) The measurement
across a circle is a diameter. (The greek word for measure is metron — pétpov.) The material

placed across the plates of a capacitor like a little non-conducting bridge is a dielectric.

The plastic coating on an electrical cord is an insulator. The glass or ceramic plates used to
support power lines and keep them from shorting out to the ground are insulators. Pretty much
anytime a nonmetallic solid is used in an electrical device it's called an insulator. Perhaps the
only time the word dielectric is used is in reference to the non-conducting layer of a capacitor.
Dielectrics in capacitors serve three purposes:

1. to keep the conducting plates from coming in contact, allowing for smaller plate separations
and therefore higher capacitances;

2. toincrease the effective capacitance by reducing the electric field strength, which means you
get the same charge at a lower voltage; and

3. to reduce the possibility of shorting out by sparking (more formally known as dielectric
breakdown) during operation at high voltage.
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what's going on here:

When a metal is placed in an electric field the free electrons flow against the field until
they run out of conducting material. In no time at all, we'll have an excess electrons on one side
and a deficit on the other. One side of the conductor has become negatively charged and the
other positively charged. Release the field and the electrons on the negatively charged side now
find themselves too close for comfort. Like charges repel and the electrons run away from each
other as fast as they can until they're distributed uniformly throughout; one electron for every
proton on average in the space surrounding every atom. A conducting electron in a metal is like a
racing dog fenced in a pasture. They are free to roam around as much as they want and can run
the entire length, width, and depth of the metal on a whim.

Life is much more restrictive for an electron in an insulator. By definition, charges in an
insulator are not free to move. This is not the same thing as saying they can't move. An electron
in an insulator is like a guard dog tied to a tree — free to move around, but within limits. Placing
the electrons of an insulator in the presence of an electric field is like placing a tied dog in the
presence of a mailman. The electrons will strain against the field as far as they can in much the
same way that our hypothetical dog will strain against its leash as far as it can. Electrons on the
atomic scale are more cloudlike than doglike, however. The electron is really spread out over the
whole volume of an atom and isn't concentrated in any one location. A good atomic dog wouldn't
be named Spot, | suppose.

When the atoms or molecules of a dielectric are placed in an external electric field, the
nuclei are pushed with the field resulting in an increased positive charge on one side while the
electron clouds are pulled against it resulting in an increased negative charge on the other side.
This process is known as polarization and a dielectric material in such a state is said to
be polarized. There are two principal methods by which a dielectric can be polarized: stretching
and rotation.

Stretching an atom or molecule results in an induced dipole moment added to every atom or

molecule.

Displacement vector:
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The change in the position vector of an object is known as displacement vector. Suppose
an object is at point A at time = 0 and at point B at time = t. The position vectors of the object at
point A and at point B are given as:

Position vector at point A=rA"=5i"+3j"+4k"

Position vector at point B=rB"=2i"+2j"+1k"

Now, the displacement vector of the object from time interval 0 to t will be:

rBA—rB =—3i"—j"—3k"

The displacement of an object can also be defined as the vector distance between the initial point

and the final point. Suppose an object travels from point A to point B in the path shown in the

black curve:

The displacement of the particle would be the vector line AB, headed in the direction A to B.

The direction of displacement vector is always headed from initial point to the final point.

Gauss's theorem in dielectrics:
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Electrostatic field in the dielectric material is modified due to polarization and is not the same as in
vacuum. Hence the Gauss law

ve =2
£o

which is applicable in vacuum is reconsidered for dielectric media. It can be expressed in two
forms- A) Integral 2) Differential - as follows

A) Integral Form of Gauss Law

(I) Consider two parallel-plate conductors having plane area S, separation d and vacuum bhetween
plates. Let charge +q and —q he the charges on the plates. Due to the charges, Ep is the uniform

electric field directed from positive to negative plate (Fig. a).

— Area A -— Igaussian surface
+0)
*+ + 4+ + + ++ + *+ + + + + _____‘_+q S R T TR T R T 0
= = = = T = = = =L)ind
Distance an —':( Dicleciric J,El'nd
d o /
R — 4 - + + + + + + +0i1'|d

0

Fig. parallel-plate conductors (a) without dielectric (b) with dielectric

Consider the Gaussian surface around the upper conducting plate of positive charges. Applying

Gauss's law the electric flux passing through the closed surface is given by

-9 .
SﬁEds_so or EgA = -

The field Ey = i

Q

It is normal to the plate surfaces.
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(I} Consider that a dielectric material of permittivity £ is filled completely between the plates (Fig.
b). Charges —q’ and +q’ are induced on the surfaces of the dielectric that are in the proximity of the
plates having charges g and -q respectively. The induced charges set up an electric field E in the
dielectric. The dielectric is polarized. It remains as a whole electrically neutral as the positive

induced surface charge must be equal to the negative induced surface charge.
If the dielectric is present, the surface encloses two types of charge:

Free charge on the upper conducting plate is g and

Induced charge on the top face of dielectric due to polarization is -q’

The net charge enclosed by the Gaussian surface around the (same upper conducting) plate (of

positive charges +q) is g-q'.

According to Gauss's law

555d3=i(q—q')

E-Ad=(-q)

L)
orE=-24_12
A-gy A-gg

Field E in the dielectric is in the opposite direction to that of the applied electric field Eo. The effect

of the dielectric is to weaken the original field by the factor k = £/&;.

E_l
E, k
Or
Eo
E:_
k
__4
kegA

Prepared by N.Geetha, Assistant Professor, Department of physics, KAHE Page 16/19




KARPAGAM ACADEMY OF HIGHER EDUCATION

CLASS: 1 BSC PHY COURSE NAME: ELECTRICITY & MAGNETISM
COURSE CODE: 17PHU201 UNIT: I1 BATCH-2017-2020
r 1 l
q" =q( k.)

The magnitude of the net induced charge q’ is always less than magnitude of the free charge g

applied to the plates and is equal to zero if dielectric is absent.

q
Eds=—
% s sk

q
Or $Eds =-

i.e. $ Dds =q Where D = ¢E = gkE.

D is called as the displacement vector. The induced surface charge is purposely ignored on the
right side of this equation, since it is taken into account fully by introducing the dielectric constant

k on the left side.

The equation states that “the surface integral of displacement vector ‘D’ over a closed surface is
equal to the free charge enclosed within the surface” or “The outward flux of D over any closed

surface S equals the algebraic sum of the free charges enclosed by §”

This important equation, although derived for parallel plate conductors, is true in general.lt is the
most general form of Gauss’ law. The charge g enclosed by the Gaussian surface is the free charge

only, which can be controlled and measured. Hence this form of Gauss law is very useful.

Parallel plate capacitor completely filled with dielectric.
Let us take a parallel plate capacitor. Suppose the separation distance between the plates

is d. Use air or vacuum as a medium for this experiment.

Suppose +Q is the charge on one plate and —Q is charge on the second plate. Bring a
rectangular slab made up of conducting material between the plates of the capacitor. The
thickness of the slab must be less than the distance between the plates of the capacitor. When the
electric field will be applied then polarization of molecules will be started. The polarization will
take place in the direction same as that of electric field. Consider a vector that must be polarized,
name it as P. The polarization vector must be in the direction of electric field E,. Then this vector
will start its functioning and will produce an electric field E, in the opposite direction to that of

Eo. The net electric field in the circuit is shown by the figure.
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Conducting Slab

N A N

~ AT

E=E,-Ep

The electric field E, in the outside region of the dielectric will be null. Now the equation of the
potential difference between the plates will be :

V=, (d-t) + Et

But E,= E; or K

Therefore E= E, / k

So
V=E,(d-t) + Ect/k
V=E , [d-t+t/K]

As we know
E,= 0/ %o
=Q/A %0

V=Q /A €0 [d-t+/K]

Capacitance of the capacitor is shown in the equation below:
C=Q/V=A =0/ (d-t+t/k)
= £0 A /d-t (1-1/K)

l.e. C= €0 A/ d-t (1-1/k) —— ()
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So0,C>C,

Clearly, it is proved that if a dielectric slab is placed in the plates of a capacitor then its

capacitance will increase by some amount.
POSSIBLE QUESTIONS:

PART A

PART B

Explain the capacitance of a parallel plate capacitor with a dielectric slab?
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QUESTIONS OPTION 1 OPTION 2 OPTION 3 OPTION 4 ANSWER
UNIT-1I
The energy stored in the charged capacitor is . 12 CV? 1/2qV v/q qV 12 CV?
The arrangement in which one conductor is charged and
other is earthed is named as . capacitor condenser capacitor/ condneser comparator capacitor/ condneser
device is useful to reduce voltage fluctuations

in electric power supplies. capacitor condenser converter comparator capacitor
The capacitance of a capacitor C is q/v qv v/q v/q q/v

capacitors can bewidely used in the tuning circuits
of radio receivers. mica electrolytic paper variable air variable air

capacitors are used widely in a radia-set as a both mica and both mica and
smoothing capacitors electrolytic mica electrolytic variable electrolytic

both mica and
capacitor is used in a.c bridges electrolytic variable air capacitor  |electrolytic mica variable air capacitor
device is used to measure electrostatic

potentials electrometers magnetometers potentiometer galvanometer electrometers

A dielectric slab is introduced between the plates of an
isolated charged parallel plate air capacitor. Which of the
following quantities will remain unchanged?

charge on the capacitor

p.d across the capacitor

energy of the capacitor

electric field inside the
capacitor

charge on the capacitor

The p.d across a capacitor is kept constant.If a dielectric slab
of dielectric constant K is introduced between the plates,the
stored energy will be

decreases by a factor K

increases by a factor K

remains constant

increases or decreases
depending on the nature
of the dielectric

increases by a factor K

Capacitance has the dimension

M L2T*P

ML>T 4172

MLT>T1'

ML'TI

M LT

In gauss’s law the electric flux E through a closed surface
(s) depends on the value of net charge

Inside the surface

outside the surface

on the surface

in the surface

Inside the surface

Farad and Farad and
The unit of capacitance is . Farad coulomb/volt Coulomb/Volt ohm Coulomb/Volt
The capacitance of the cylindrical capacitor is
. 2meyl/log(b/a) 4 €.€4ab/(b-a) €A/ €A/d 2meyl/log(b/a)
The capacitance of the spherical capacitor (outer sphere
carthed)is . 2meyl/log(b/a) 47 €,€5ab/(b-a) € €oA/d 4megb’/(b-a) 41 €.€,ab/(b-a)
The capacitance of the spherical capacitor (inner sphere is
carthed) is 2me,l/log(b/a) 47 €gb’/(b-a) € A/d 47 €gb’/(b-a) 41 €ob*/(b-a)
The capacitance of a parallel plate capacitor is
2me,l/log(b/a) 47 €,b*/(b-a) €A/ 4me,b*/(b-a) € A/d
The energy stored in the capacitor is qZ/ZC 12 CV? both aand b qz/C both a and b




If a dielectric slab of dielectric constant K is introduced
between the plates,when the charge remains the same then
the stored energy will be

decreases by a factor
1/,

increases by a factor 1/€,

remains constant

increases or decreases
depending on the nature
of the dielectric

decreases by a factor
1/,

Calculate the force between the plates of a parallel plate
capacitor,when the area of the plate is 300cm?2 each, the

separation is 0.5cm and they are charged to p.d 1000volts. 5.3x10° N 4.2x10° N 5.0x10° N 4.0x10° N 53x10° N
device is used to generate and detect

electromagnetic oscillation of high frequency. capacitor voltmeter Resistor galvanometer capacitor
The normal component of D are across
the boundary by the surface charge density continuous Discontinuous Random Discrete Discontinuous
The tangential component of the electric field is

across the boundary. continuous Discontinuous Random Discrete continuous
The potential difference between the conductors is
proportional to the on the capacitor. charge voltage current time charge
The coaxial cable used in communication system is a
common example for which type of capacitor spherical cylindrical Air capacitor Parallel plate capacitor |Parallel plate capacitor
Electric fields E1 and E2 on the two sides of an interface of
two dielectric media having dielectric constants K1 and
K2,make an angles ©1 and ©2 with the normal to the
interface. Which of the following relations is true? K;sin ©,= K,sin 6, K,cos ©,=K,cos O, K,tan el K,tan©, K,cot ©,=K,cot O, K,cot ©,= chot 0,
The unit of permittivity is C°N'M™? C°’N'M? C°N'M? CN'M™? CN'M™?
The number of electric lines of force originating from a
charge of 1Cis___ 0.55x10° 0.055x107 1.129x10" 1.921x10™" 0.055x107
The value of €o is__ 8.845x10' 8.854x10 2 8.888x10 "2 5.845x1012 8.854x10 "
The net electrical charge in an isolated system remains Law of conservation of Law of conservation of |Law of conservation of
constant. This is known as charge Coulomb’s first law Coulomb’s second law |energy charge
Variable air capacitor is used in A.c bridges D.c bridges both a and b tuning circuits A.c bridges

capacitors can be used only in un1d1rect10nal
power supplies. mica Electrolytic paper variable Electrolytic
An electron- volt (eV) is a unit of Energy Potential difference Charge Momentum Energy
The unit of electrical energy is Joule Watt- second Kilowatt- hour All of these All of these
One electron volt (1 eV) is equivalentto _ joules 13x10™" 1.4x10" 15x10" 1.6x10" 1.6x10™"

conductance of an
Farad is the unit of capacitance self inductance mutual inductance electrolyte capacitance
the field between the the field between the

In a charged capacitor the energy is stored in plates positive chaarge negative charge neutral plates

The capacitance of the parallel plate condenser does not
depend on

area of the plates

medium between the
plates

distance between the
plates

metal of the plates

metal of the plates




No current flows between two charged bodies connected

together when they have the same charge potential capacitance resistance potential

Two condensers of capcaitance C1 and C2 respectively are

connected in parallel. The equivalent capcaitance of the

system is C1+C2 C1+C2/(C1+C2) C1C2/(C1+C2) C1-C2 Cl1+C2

Two condensers of capcaitance C1 and C2 respectively are

connected in series. The equivalent capcaitance of the

system is C1+C2 C1+C2/(C1+C2) C1C2/(C1+C2) C1-C2 C1C2/(C1+C2)
The radius of the earth is 6400km. Its capacitance is 7.1 x 10M-4F 6.4 x 10M-4F 0[6.4x 10”6 F 7.1 x 10M-4F

When air in the capacitor is replaced by a medium of
dielectric constant K,the capacity

decreases K times

increases K times

increases K2 times

remains constant

increases K times

Materials which can store electrical energy are called

magnetic materials

semi conductors

dielectric materials

super conductors

dielectric materials

The dielectric constant of air is practically taken as more than unity unity less than unity Zero unity
semiconducting
Dielectric materials are insulating materials materials magnetic materials ferroelectric materials  |insulating materials
Dielectric constant of vacuum is infinity 100|one Zero one
permitivity same as that |permitivity slightly
For making a capacitor it is better to select a dielectic having|low permittivity high permitivitty of air more thanair high permitivitty

If three 15 micro F capacitors are connected in series, the
net capacitance is

5 micro Farad

30 micro Farad

40 micro Farad

50 micro Farad

5 micro Farad

If three 10 micro F capacitors are connected in parallel, the
net capacitance is

20 micro Farad

30 micro Farad

40 micro Farad

50 micro Farad

30 micro Farad

A dielectric material must be a

resistor

insulator

good conductor

semi conductor

insulator

distance between the

The capacitance of the capacitor is not affected by plates area of the plates thickness of the plates [atmosphere thickness of the plates
The dissipation factor of a good dielectric is of the order 0.0002 0.002 0.02 0.2 0.0002
Which of the following material has highest value of

dielectric constant glass vacuum ceramics oil ceramics

Which of the following capacitor has relatively shortest

shelf life? mica electrolytic ceramics paper electrolytic

When a dielectric slab is introduced in a parallel plate

capacitor, the potential difference between the plates will remain unchanged decrease increases becomes zero decrease

two insulators seperated

two conductors
seperated by an

two conductors
seperated by an

A capacitor consists of by a condenser insulator 2 insulator 2 conductor insulator
A paper capacitor is usually availabble in the form of tubes rolled foil disc meshed plates rolled foil
Which of the following material requires least magnetizing

field to magnetize it? Gold Silver Tungsten Cobalt Cobalt
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UNIT-II
SYLLABUS

Magnetostatics: Biot-Savart's law and its applications- straight conductor, circular coil, solenoid carrying
current. Divergence and curl of magnetic field. Magnetic vector potential. Ampere's circuital law.
Magnetic properties of materials: Magnetic intensity, magnetic induction, permeability, magnetic
susceptibility. Brief introduction of dia-, para- and ferro-magnetic materials.

Biot-Savart's law:

Let a certain conductor be carrying a current ‘I’ in a direction on in the figure. Let ‘P’ be the
point

where the magnetic field due to the wire is to be studied. Let a small portion be considered
which is

of length “dI’. Let the line joining ‘dl’ and point ‘P” from an angle 6 with the tangent to “dl’.

Since the portion considered is very small, the magnetic field given by it at point P will also
be small.

By experimental observations and empirically also, dB is found to depend on several factors.
i) Here dB is the measurement of magnetic energy which arises from the electrical energy
represented by I which act respectively as output and input. Therefore they should have
direct dependency. i.e.

dB o |

if) In a certain length of a conductor, certain amount of charge is present at a moment and the
magnetic effect it can produce depend on the total number of charges, which in turn

depend on the length consider, i.e.

dB « dl

iii) Any force or phenomena which spread out spherically have inverse proportionality to the
square of the distance between the source and point of observation.

dBr2

x 1

iv) Similarly the magnetic field is found to be least when the angle between r and dl is the
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smallest (00) and it is largest when the angle is 900. So,
dBocsing
Therefore overall,

B = Idlsﬁmﬁ
2
Or  dp= - disin®
2
In SI units, the value of k = :—‘ =10"Hm
Or dB= u Idls:nﬂ
it r

This expression is called as Biot Savart Law or Laplace Law. It is the basic formula to find
the

magnetic field due to any structures for which all the dB’s along the length of the structure
have to be

added to find out the total B.

Application of Biot Savart’s Law:
(i)Magnetic field due to current carrying circular coil at its centre:

Let a coil be considered which is bent in the form of almost complete circle. Let a current | be
supplied in clockwise direction which will give the overall magnetic field away from the
observer at the centre ‘O’ (according to Fleming’s Right-Hand Thumb rule). Let a small
portion ‘dl’ be considered somewhere and a radius be drawn from ‘dl’ to ‘O’. Then according
to Biot Savart Law, a small magnetic field ‘dB’ given by ‘dl’ can be expressed as:

4B - k Idlsfnﬁ
i

, Where 0 is the angle between dl and r.
Here wherever ‘dl’ is considered, the angle between it and ‘r’ is always equal to 900.

Therefore,
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4B — k Idlsuj 90 _ kIEil

&

r r

The overall magnetic field will be equal to the sum of all these small magnetic fields.

ie. B= [dB Or, B= [klf“
) i
Or, B-= kf[dl
ey

Here the variable is ‘I’. if all the small “dl’s” are added one by one, “I” will extend from 1 =0
tol=
circumference (= 2 mr ).

©. B= k.)I jdl Or, B= k.,I 1|5~ Or, B= k.}Zm‘
r- D r- re
or, B= Koy Or, B kX or, B= P2
r r dn r
o, B=Hl
2r

(r is the radius of the coil)
If the number of coils is more than one, for example ‘n’, the magnetic field will be

p,nl
2r

B =

(i)Magnetic field due to a straight conductor:

Prepared by N.Geetha, Assistant Professor, Department of physics, KAHE Page 3/17




KARPAGAM ACADEMY OF HIGHER EDUCATION

CCASSTTBSTPHY COURSE NAME: ELECTRICITY & MAGNETISM
COURSE CODE: 17PHU201 UNIT: 111 BATCH-2017-2020

Let a straight wire be considered whose magnetic field is to be determined at a certain point P
which is nearby the conductor at a distance ‘a’. Let a small portion of length dI be considered
whose distance from P is ‘r’.Therefore the magnetic field at point P due to this small length is
given by,

_ kldlsin®

A

dB
r

This magnetic field due to the whole wire is found by adding all the magnetic fields due to all
these

dB’s of the whole wire for which the expression has to be changed to integrable form. For
this, the point

‘P’ is joined to A, B & C. Similarly a perpendicular BD is drawn to AP at D.

Let 2CPQ =a.. Then 2 APB is the small variation in do due to the consideration of the angles
at the two ends of small length dl.

Since dl is very small, points A and C lie very close to each other.

Therefore £BAD = 2BCP =6.

So in triangle ABD,

sin BAD = AB/BD

Or, sin g = @ Or, ABsin® = BD
AB
Or, dl sin B =BD............. (i)
Similarly in triangle BDP, sinZBPD = BD
BP
BD
Or, sindao = —
BP

Since dl is very small, B & C also lie close together. So BP = CP =r. Similarly the angle da
is also

very small. So, sinda=da.

So, da =BD/r

Therefore,

rdo=BD ................. (i1)

Equations (i) and (ii) givedlsin6=rd a
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The expression for dB becomes, dB = M or, dB = kIl';:icx
r? T2
Or. B - kldao
r
P P
[n triangle CPQ, cosZCPQ = —Q or, coso = —Q
CP CP
a - Cosa 1
or, coso. = — or, = —
- ﬂ I-u
which means dB = klcﬂda

a
The total magnetic field is given by summing up all these small dB’s throughout the whole
length of
the conductor.

Total magnetic field (B) = deda = r}dcﬂda

* a

Here the variable o varies within certain given values 1 oo and 2 ., where 1 a is the angle
formed by

the lower tip of the conductor at P and 2 a is by the upper tip. But when the angle goes below
PQ, its

value becomes negative, since 1 o < 00.

) kI
kI % klp. . = —|sina, —si
B = — [cosada = —[511’11:1]3_‘ Or, B ) [smrcx3 sin r:xl]
o, c
This is the expression for the magnetic field at a certain point due to a straight conductor of
finite
length at a distance ‘a’ such that the angles formed at the two ends a 1 and a2 .

Special case:

In most cases the wires are very long compared to the distance of the point of observation
from the

wire in such cases, the angles will be 900 at both sides.
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=

B = ]': {Sln%—sm(—gﬂ =§{l+sin(%ﬂ - §[1+1]

Or,

a1

Using the value of kas —= Ho gives B =
dn 47 a

(ili)Magnetic field inside a solenoid:

Let the figure represent the linear cross section of a solenoid whose coiling is such
that it has ‘n’
number of coils per unit length. Let ‘P’ be a point where the magnetic field due to the whole
solenoid
is to be determined. For this, let a small length ‘dx’ of the solenoid be considered first and the
magnetic field at ‘P’ due to the coils within this length be determined first.

The magnetic field due to one circular coil at a certain distance ‘x’ from point ‘P’ is,

27kIR?

Here the term R2 + x2 = r2 denotes the square of the distance of the point ‘P’ from each point

of the

circumference of that single coil. The number of coils present in ‘dx’ length is equal to ‘ndx’.
Therefore the magnetic field given by coils present in ‘dx’ length or ‘ndx’ number of

coils is given by omklR
ﬂ &

s

it

(L
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However compared to the magnetic field exerted by the whole solenoid, this magnetic field is very
small. So it is denoted by dB, 4,

o 2nkIR? < (

Let P be connected to A, B as well as C, where C is the centre of AB. Let ZCPQ = ¢, then ZBCP = ¢.

ie. dB ndx)

Since AB is very short length, points A & C lie very close to each other. Therefore ZBQP = ¢.
Similarly #BPA denotes the small variation in ¢ ,so, ZBPA =d ¢

Let BD be drawn perpendicular to AP at P. In triangle BAD,

ino BD ABsing BD
sin = — or, ABsin =
AB
or, sinpdx =BD...... (i)

In triangle BDP,
indg BD Or,BPsind¢ =BD
sin = r, sin =
BP
Here, points B and c are very close to each other due to short length of AB. Therefore, BP =
CP=r.
Similarly d ¢ is also a very small angle so, sind ¢ ~d ¢
Therefore, rdp =BD....... (i1)
Comparing (i) and (ii) gives,

sinddx =rdé Or, dx = rd¢.
sind
or. dB. - 2nkIR "n I:d(b
[RE 4+ x2)e sing
Or, dB,, = Zﬂk:[.?hn rd¢ (since, R* + x* =)

r sing

Or, dBy, = 2nknlsin®¢ d¢
Sing

Or. dB.:, = Z2nknlsin¢dd
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Therefore, the total magnetic field is given by, B = IdB

nelx
Here from one end to the other end of the solenoid, ¢ wvaries from a minimum value ¢, to :
maximum value ¢ ,
L
2nknl [singdp = 2nknl[- CUS‘P]E
by
2nknl(cosd, —cosd, )

B

ie. B

Generally solenoids are designed in such a way that the radius is very-very small compared
to the

length. In such case angles ¢ 1 and ¢ 2 will range from the minimum 00 through the
maximum 1800. In

such case,

B = 21:}{111[1:05{]”—::0518{]”]
2mknI[l — (- 1)]
or, B =dznknl

O
I

Ll +]

47

gives

B=p nl

Divergence and curl of a magnetic field:

Divergence of B:

According to Gauss law in electrostatics, divergence of the static electric field is equal to the
total density of a stationary electric charge/s at a given point.

div.E — v.E - 2

€0
However in magnetostatics a magnetic charge (i.e. monopole) is not found to exist. (The
source of magnetic fields is moving electric charges, not the static ones). Due to the absence
of magnetic charges, the magnetic field is divergenceless. In Differential form

divB =0 or V.B = () (where B is the magnetic field, V. denotes divergence)

This is called as Gauss's law for magnetism (though this term is not universally adopted). It
states that the magnetic field B has divergence equal to zero i.e. magnetic field is a solenoidal
vector field. It is equivalent to the statement that magnetic monopole (isolated North or South
magnetic pole) does not exist. The basic quantity for magnetism is the magnetic dipole, not
the magnetic charge or monopole. Hence, the law is also called as "Absence of free magnetic
poles".
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The statement of Gauss's law for magnetism in integral form is given as
$ BdA=0
5

Where S is any closed surface (the boundary enclosing a three-dimensional volume); dA is a
vector, having magnitude equal to the infinitesimal area of the surface S and direction along
the surface normal pointing outward.

The left-hand side of the equation in integral form denotes the net flux of the magnetic field
out of the surface. The law implies that outward magnetic flux is always zero.

Thus Gauss's law for magnetism can be written in both- differential and integral- forms.
These forms are equivalent due to the divergence theorem.

The magnetic field B, like any vector field, can be represented by field lines. Gauss's law for
magnetism also implies that the field lines have neither a beginning nor an end. They either
form a closed loop, or extend to infinity in both directions.

CURL OF B:

Circulation is the amount of pushing, twisting or turning force along a closed boundary /
path when the path is shrunk down to a single point. Circulation is the integral of a vector
field along a path. A vector field is usually the source of the circulation.

Curl is simply the circulation per unit area, circulation density, or rate of rotation (amount of
twisting at a single point).

The curl of a force FG”'?'E(F) = V X F is calculated as follows.
Let the Force at position r = F(r) Direction at position r = dr

Total pushing force Circulation = f F(r).dr.
Cireulation [ F(r).dr

Curl = = :
area IS

Curl is defined as the vector field having magnitude equal to the maximum "circulation” at
each point and to be oriented perpendicularly to this plane of circulation for each point. The
magnitude of ¥ X Fis the limiting value of circulation per unit area.

If V x F' = (), then the field is said to be an irrotational field.

The physical significance of the curl of a vector field is the amount of "rotation™ or angular
momentum of the contents of given region of space. It arises in fluid mechanics and elasticity
theory. It is also fundamental in the theory of electromagnetism.

In magnetostatics, it can be proved that the curl of magnetic field B is given by
V X B = poj

Thus the curl of a magnetic B field at any point is equal to o times the current density J at
that point. This simple statement relates the magnetic field and moving charges. It is
mathematically equivalent to the line integral equation given by Ampere’s law.
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The equations in terms of Divergence and Curl of magnetic B-field are also called as the laws
of Magnetostatics. They correspond to the curl and divergence of electric field E respectively
in electrostatics as follows

Electrostatics Magnetostatics
V x E = (), Field is without curl V.B = (), Field is without divergence
4 .
VX E=— VxB= HoJ, Field B-Source j relation

€0), Field E- Source p relation

The equations for divergence and curl for vector fields are extremely powerful. Expressions
for divergence and curl of a magnetic field describe uniquely any magnetic field from the
current density j in the field in the same manner that the equations for the divergence and curl

for the electric field describe an electric field from the electric charge density p in the electric
field.

Above four equations are the versions of Maxwell’s equations for static electromagnetic
fields. They describe mathematically the entire content of electrostatics and magnetostatics.

Magnetic Vector Potential:

The electric field E can always be expressed as the gradient of a scalar potential function
— —
E=-VV

There is no general scalar potential for magnetic field B but it can be expressed as the curl of
a vector function

B=VxA

This function A is given the name "vector potential” but it is not directly associated with
work the way that scalar potential is.

The vector potential is defined to be consistent with Ampere's Law and can be expressed in
terms of either current i or current density j (the sources of magnetic field). In various texts
this definition takes the forms

_ My [ jdSdi
¥
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One rationale for the vector potential is that it may be easier to calculate the vector potential
than to calculate the magnetic field directly from a given source current geometry. Its most
common application is to antenna theory and the description of electromagnetic waves.

Since the magnetic field B is defined as the curl of A, and the by vector identity the curl of a
gradient is identically zero, then any arbitrary function which can be expressed as the gradient
of a scalar function may be added to A without changing the value of B obtained from it. That
is, A' can be freely substituted for A where

Such transformations are called gauge transformations, and there have been a number of
"gauges" that have been used to advantage is specific types of calculations in electromagnetic
theory.

Ampere’s circuital law:

e Ampere's circuital law in magnetism is analogous to gauss's law in electrostatics

e This law is also used to calculate the magnetic field due to any given current
distribution

e This law states that
" The line integral of resultant magnetic field along a closed plane curve is equal to
Lo time the total current crossing the area bounded by the closed curve provided the
electric field inside the loop remains constant™ Thus

§BO1= 11, -

where L is the permeability of free space and I is the net current enclosed by the
loop as shown below in the figure

Amperean loop

[ VAN Y
S

dl =

-.Ei- .

— Direction of
Integration

Figure 9. Ampere's law applied to a loop containing
two long straight wires.
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e The circular sign in equation (21) means that scalar product B.dl is to be integrated
around the closed loop known as Amperian loop whose beginning and end point are
same

e Anticlockwise direction of integration as chosen in figure 9 is an arbitrary one we can
also use clockwise direction of integration for our calculation depending on our
convenience

e To apply the ampere's law we divide the loop into infinitesimal segments dl and for
each segment, we then calculate the scalar product of B and dl

e B in general varies from point to point so we must use B at each location of dl

e Amperion Loop is usually an imaginary loop or curve ,which is constructed to permit
the application of ampere's law to a specific situation

Proof Of Ampere's Law
« Consider a long straight conductor carrying current | perpendicular to the page in
upward direction as shown below in the figure

Fig: B is the magnetic field due to current carrying conductor at point P

« From Biot Savart law, the magnetic field at any point P which is at a distance R from
the conductor is given by

B— ol
2R
« Direction of magnetic Field at point P is along the tangent to the circle of radius R
withTh conductor at the center of the circle
« For every point on the circle magnetic field has same magnitude as given by
B= sl
2R
And field is tangent to the circle at each point
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e The line integral of B around the circle is

of ol
fE.dl=f;ﬂaT —

fal
since [dI=27R ie, circumference of the circle so,

{B.dl =1

This is the same result as stated by Ampere law

e This ampere's law is true for any assembly of currents and for any closed curve
though we have proved the result using a circular Amperean loop

o If the wire lies outside the amperion loop, the line integral of the field of that wire will
be zero

j?E.dl:U

but does not necessarily mean that B=0 everywhere along the path ,but only that no
current is linked by the path

o while choosing the path for integration ,we must keep in mind that point at which field
is to be determined must lie on the path and the path must have enough symmetry so
that the integral can be evaluated

Classification of Magnetic Materials

(1) Magnetising Field: - The magnetic field that exists in vacuum and induces magnetism in
a substance is called magnetizing field.

The magnetizing field setup inside a solenoid carrying current | and placed in
vacuum, BO=pOnl

(2) Magnetising field intensity or Magnetising Force or Magnetic Intensity (H).

The degree to which a magnetic field can magnetize a material is called magnetic field or
magnetizing force or Magnetic Intensity and It is defined as the number of ampere-turns
(=nl) per unit length of

a solenoid
Thus magnetizing
force H=n 1.
for air
Also B0= pOnl= pnOH core
B=pn for iron
H core
Its Sl unit is
A-m

(3) Intensity of Magnetization ( (1) ):-
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It is the extent to which a specimen is magnetized, when placed in a magnetic field and
depends upon the nature of the material.

It is defined as the magnetic moment developed per unit volume of the material.
I M
0 Vv
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Where M = magnetic moment developed in the material and
V = Volume of the material

If m is the pole strength and A is the area of cross section of material and 21 is the length, then

m [

2 m
I0A0 O

21 A

Hence intensity of magnetization of a material may also be defined as the pole strength
developed per unit area of cross section of the material.
Sl unit of it is A/m.

(4) Magnetic permeability -
The ratio of total magnetic flux density (B) & the magnetizing field intensity (H) is called
absolute permeability

[=B/H 0 B=pnH
(5)Relative Permeability- The ratio of the absolute permeability of free space to the
permeability of the medium is called relative permeability.

pur=p/ po

(6) Magnetic Flux density in Magnetic Materials-The magnetic flux density inside a
solenoid is directly proportional to the current. If we put a piece of ferromagnetic substance
(e.g. iron), the magnetic flux density is greatly increased. This is due to the magnetisation of
ferromagnetic substance by external field.

The total magnetic flux density in the ferromagnetic substance is the sum of magnetic flux
density (Bg)

due to the current in the wire and magnetic flux density ( By )due to the magnetisation of
ferromagnetic substance i.e.

B [1 By [1Bm

(7) Magnetic Susceptibility-
This properly determines how easily a specimen can be magnetized. It is defined as the ratio
of intensity of magnetization (I) to the applied magnetising force (H). It is represented by [,

Ond 1
oo It has no unit
H
(8) Relation
between Oy & Xm
JH O
B Ol [
O o0 10
OHODoOHOIOS 7 010 oo 0,010 Xm
o O HO
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Classification of magnetic materials- On the basis of their behavior in external magnetic
fields, Faraday classified the various substances into three categories:

1. Diamagnetic substances- Diamagnetic substances are those which develop feeble
magnetisation in the opposite direction of the magnetising field. Such substances are feebly
repelled by magnets and tend to move from stronger to weaker parts of a magnetic field.

e.g. - Bismuth, copper, lead, zinc, tin, gold, silicon, water, sodium chloride, etc.

2. Paramagnetic substances- Paramagnetic substances are those which develop feeble
magnetisation in the direction of the magnetising field. Such substances are feebly attracted
by magnets and tend to move from weaker to stronger parts of a magnetic field.

e.g. - Manganese, Aluminum, Chromium, Platinum, Sodium, Copper Chloride, Oxygen

3. Ferromagnetic substances- Ferromagnetic substances are those which develop strong
magnetisation in the direction of the magnetising field. They are strongly attracted by
magnets and tend to move from weaker to stronger parts of a magnetic field.

e.g. - Iron, cobalt, nickel, gadolinium and alloys like alnico.

Iron is a ferromagnetic substance. Its ferromagnetism decreases with the increase of
temperature.

Curie’s law- From experiments, it is found that the intensity of magnetisation (1) of a

paramagnetic material is

(1)directly proportional to the magnetising field intensity H, because the latter tends
to align the atomic dipole moments.

(i) inversely proportional to the absolute temperature T, because the latter tends
to oppose the alignment of the atomic dipole moments.

H
s
T
I7CcH
or 0
.
1 c
or C
H T
c
or Om D
T

Where C is curie consant y m IS the susceptibility

The above relation is called curie law. According to this law far away from the saturation
region the magnetic susceptibility is inversely proportional to the absolute temperature.
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Curie Temperature- The temperature at which a ferromagnetic substance becomes

paramagnetic is called Curie temperature or Curie point.

Modified Curie’s law: Curie-Weiss law- The magnetic susceptibility of a ferromagnetic
substance above its curie temperature is inversely proportional to the excess of temperature

above the Curie temperature.

T OTc

Where T¢ is Curie temperature

Difference between Dia, Para and Ferro magnetic

Materials-
Property Dia Para’ Ferro
Permeability ( [1) pu< o 1> [o [ >> [y
Relative
Permeability ( (1, ) 0<DO<1 1< [0y O >>1
'1< Xm
Susceptibility ( Xy ) <0 0< Xm <1 Xm >>1
independen
Temperature t Xm O 1/T Xm O1/T-TC
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Hysteresis- When a ferromagnetic sample is placed in a magnetising field, it gets magnetized
by induction. Following figure shows the variation of magnetic induction B with magnetising
field intensity H and is called as hysteresis curve.

As H increases, B first increases gradually and then attains a saturation value along the curve
OA. Now we gradually decrease H to zero, B decreases but along a new path AB. At H =0,
B=0. The magnetic induction (BR =OB) left behind in the sample after the magnetising field
has been removed is called

residual magnetism or retentivity or remanence.
Now H is gradually increased in the reverse
direction. B decreases and becomes zero at
certain value of H (HC = OC). The value of reverse
magnetising field intensity H required for the '
residual magnetism of a sample to become zero is :
called Coercivity of the sample. :
The closed curve ABCDEFA which represents a :
cycle of magnetisation of the ferromagnetic sample
called its hysteresis loop. Throughout the cycle,
the magnetic field B lags behind the magnetising
field intensity H. The phenomenon of the lagging
magnetic induction behind the magnetising
field is called hysteresis. SApis

BA
4 Saturation

Initial
build up

T

max

Cc| O F +H

max

OB = Rentivity
E OC = Coercivity of

— -

o

Significance of the area of hysteresis loop- The area within a B— H loop represents the
energy dissipated per unit volume in the material when it is carried through a cycle of
magnetisation.

Practical importance of hysteresis loops- A study of hysteresis loop provides us
information about retentivity, Coercivity and hysteresis loss of a magnetic material. This
helps in proper selection of materials for designing cores of transformers and electromagnets
and in making permanent magnets.
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QUESTIONS OPTION 1 OPTION 2 OPTION 3 OPTION 4 ANSWER
UNIT-III
Movement of charged Movement of charged
Basic source of magnetism Charged particles alone |particles Magnetic dipoles Magnetic domains particles
Units for magnetic flux density Wb/ m"2 Wb/ A.m A/m Tesla/ m Wb/ m"2
Magnetic permeability has units as Wb/ m"2 Wb/ A.m A/m Tesla/ m Wb/ A.m
Magnetic field strength’s units are Wb/ m"2 Wb/ A.m A/m Tesla/ m A/m
Example for dia-magnetic materials super conductors alkali metals transition metals Ferrites super conductors
Example for ferro-magnetic materials super conductors alkali metals transition metals Ferrites alkali metals
salts of transition
Example for anti-ferro-magnetic materials elements rare earth elements transition metals Ferrites rare earth elements
salts of transition
Example for ferri-magnetic materials elements rare earth elements transition metals Ferrites transition metals
Magnetic susceptibility para-magnetic materials is 0.00001] -10"-5 1075 107-5 to 107-2 0.00001
Magnetic susceptibility dia--magnetic materials is 0.00001] -10"-5 1075 107-5 to 107-2 107-5 to 107-2
Magnetic susceptibility ferro-magnetic materials is 0.00001] -10"-5 1075 107-5 to 107-2 107-5 to 107-2
Typical size of magnetic domains (mm) 1to 10 0.1-1 0.05 0.001 0.001
Example for magnetic material used in data storage
devices 45 Permalloy CrO2 Cunife Alnico CrO2
Susceptibility of a magnetic material is defined as the
ratio of induced in material to magnetic field |Intensity of Intensity of
intensity (H) magnetization magnetizing field magntic induction Conductivity magnetization
Those substances which are weakly magnetized in the
direction opposite to that of the external magnetic field
are called as ferromagnetic substances|diamagnetic paramagnet anti ferro diamagnetic
The magnetic field that exists in vacuum and induces
magnetism is called magnetic intensity magnetizing field magnetic field intensity |magnetization magnetizing field

The temperature at which the domain structure gets
destroyed and ferromagnetic substance is converted into
paramagnetic substance is called as

zeropoint temp.

high temperature

curie temperature

domain thoery

curie temperature

The ability of magnetizing field to magnetize a material

medium is called magnetic intensity magnetic field magnetic field intensity |magnetization magnetic field intensity
Relative Magnetic Permeability (ur) = 1+y 1/y 1+y 1+H 1+y
Magnetic Dipole Moment (M) for an electron is

A.m? -9.28E+24 9.28E-24 -9.28E-20 -9.28E-24 -9.28E-24




Those substances which are strongly magnetized in the
direction of the external magnetic field are called as

paramagnet anti ferro diamagnetic ferromagnetic substances|ferromagnetic substances
Moving permanent Stationary permanent Stationary electric Stationary electric
Magnetic fields do no interact with magnets magnets Moving electric charges [charges charges

The magnetic permeability of a material is defined as

ratio of magnetic induction (B) to susceptibility magnetic intensity magnetic field intensity |magnetic field magnetic intensity
Above Curie temperature, Ferromagnetic substances
become magnet anti ferro diamagnetic paramgnetic paramgnetic

is defined as pole strength per unit area of intensity of intensity of
cross section of material susceptibility magnetizing field magnetic field intensity |magnetization magnetization
The Curie Temperature (°K ) for Nickel is °K 136 316 613 631 631
The degree or extent to which magnetic field can
penetrate or permeate a material is called magnetic permeability  |susceptibility magntic induction intensity magnetic permeability
Total number of magnetic lines of force crossing per unit
area normally through a material is called magnetic permeability  |susceptibility magntic induction intensity magntic induction

The magnetic energy stored in an inductor is
current

Directly proportional to

Inversely proportional to

Directly proportional to
the square of

Inversely proportional to
the square of

Directly proportional to
the square of

The ratio of the permeability of material to the
permiabiity of air or vacuum.

Relative permeability

Relative permittivity

Relative conductivity

Relative reluctivity

Relative permeability

The property of magnetic materials of retaining
magnetism after withdrawal of the magnetizing force is

known as Retentivity Reluctivity Resistivity Conductivity Retentivity

The force between two magnetic poles varies with the

distance between them. The variation is to the

square of that distance. Equal Greater than Directly proportional Inversely proportional |Inversely proportional

The conductivity of the
material for magnetic

The magnetization test in
the material after
exciting field has

the strength of an

The strength of the

The conductivity of the
material for magnetic

Permeability means lines of force beenremoved electromagnet permanent magnet lines of force
increases with distance [decreases with distance
The magnetic field inside a solenoid is constant is uniform from the axis from the axis is uniform

Very much greater than

Paramagnetic substance has a relative permeability of Slightly less than one Equal to one Slightly greater than one|one Slightly greater than one
A group of magnetically aligned atoms is called Range Lattice Domain Crystal Domain

The point in a magnet where the intensity of magnetic

lines of force is maximum Magnetic pole South pole North pole Unit pole Unit pole

For which of the following substance, the magnetic

susceptibility is independent of temperature Dia Para Ferro ferri Dia




Electromagnets are made of soft iron because soft iron
has

high susceptibility and
low retentivity

high susceptibility and
high retentivity

low susceptibility and
low retentivity

low susceptibility and
high retentivity

high susceptibility and
low retentivity

Who laid the foundation for magnetism Maxwell Newton Huygens Debroglie Maxwell

Magnetic field is always solenoidal Irrotational harmonic in character  |rotational solenoidal

Magnetic flux has the dimension . ML *T°1" MLT T ML *TT" ML *T71 ML *T71"

The permeability of free space is WbA-Im-

1. Ly=4m py=4mx107 pg=4nx10 7 po=4mx10 -8 pg=4nx10 7

The intrinsic magnetic moment of the atoms of a material may be paramagnetic or [may be paramagnetic or

is not zero.The material must be paramagnetic  |must be diamagnetic must be ferromagnetic  |ferromagnetic ferromagnetic

The relative permeability of a material is 0 98.The

material must be paramagnetic diamagnetic ferromagnetic ferrimagnetic diamagnetic

The ability of a material to conduct magnetlc flux

through it. Permittivity Reluctivity Conductivity Permeability Reluctivity

Hysteresis refers to the between flux density of

the material and the magnetizing force applied. Leading effect Ratio Equality Lagging effect Lagging effect

Hydrogen is an example of a material. Paramagnetic Diamagnetic Ferromagnetic Non- magnetic Paramagnetic

Cobalt is an example of a material Paramagnetic Diamagnetic Ferromagnetic Non- magnetic Ferromagnetic

Magnetic intensity is a Phasor quantity Physical quantity Scalar quantity Vector quantity Vector quantity

The core of a magnetic equipment uses a magnetic

material with Least permeability Low permeability Moderate permeability [High permeability High permeability

Which of the following is a paramagnetic material? Carbon Copper Bismuth Oxygen Oxygen
crystals are frequently used in computers

memory cells. Ferroelectric Diamagnetic Paramagnetic Ferrielectric Ferroelectric

Platinum exhibits the property of diamagnet ferromagnet paramagnet none paramagnet

Diamagnetic substance are attracted by magnetic

field. The attraction is very strong weak Zero negative weak

A magnetic dipole of moment m placed in a nonuniform

magnetic field B experience a force A(m.B) mxB m.B m/B A(m.B)

A moving charge produces

electric field only

magnetic field only

both electric and
magnetic fields

neither electric nor
magnetic

both electric and
magnetic fields

Differential form of Ampere’s law for a steady current is

AxH=J+0D/ét AxB=y1,J A.B=0 [B.dI= por AxB=p,J
The phenomenon by which a magnetic substance Electromagnetic Electromagnetic
becomes a magnet when it is place near a magnet Magnetic effect Magnetic phenomenon |Magnetic induction induction induction
Which of the following materials has permeability
slightly less than that of free space? Paramagnetic Non- magnetic Ferromagnetic Diamagnetic Diamagnetic
The property of a material which opposes the creation of
magnetic flux in it Resistance Reluctance Permeance Conductance Reluctance
The susceptibility of a paramagnetic gas varies
as the absolute temperature. directly inversely Similarily opposite inversely
If the relative permeability is less than 1,then the material
will be dia para ferro ferri dia




If the relative permeability is greater than 1,then the

material will be . dia para ferro ferri para
If the relative permeability is very much greater than
1,then the material will be dia para ferro ferri ferro
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Electromagnetic Induction: Faraday's laws of electromagnetic induction, Lenz's law, self
and mutual inductance, L of single coil, M of two coils. Energy stored in magnetic field.

Faraday's laws of electromagnetic induction:

Faraday's laws of electromagnetic induction explains the relationship between electric
circuit and magnetic field. This law is the basic working principle of the most of the electrical
motors, generators, transformers, inductors etc.

Faraday's First Law:

Whenever a conductor is placed in a varying magnetic field an EMF gets induced across
the conductor (called as induced emf), and if the conductor is a closed circuit then induced
current flows through it.

Magnetic field can be varied by various methods -
1. By moving magnet

2. By moving the coil

3. By rotating the coil relative to magnetic field

Faraday's Second Law:

Faraday's second law of electromagnetic induction states that, the magnitude of
induced emf is equal to the rate of change of flux linkages with the coil. The flux linkages is the
product of number of turns and the flux associated with the coil.

Formula of Faraday's Law:

Consider the conductor is moving in magnetic field, then
flux linkage with the coil at initial position of the conductor = N®; (WD) (N is speed of the
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motor and @ is flux)

flux linkage with the coil at final position of the conductor = N®,  (Wh)
change in the flux linkage from initial to final = N(®; - @,)

let O -0, =0

therefore, change in the flux linkage = NO®

and, rate of change in the flux linkage = N®/t

taking the derivative of RHS

rate of change of flux linkages = N (d®/dt)

According to Faraday's law of electromagnetic induction, rate of change of flux linkages is
equal to the induced emf

So, E=N (d®/dt) (volts)
Phenomenon Of Mutual Induction

Alternating current flowing in a coil produces alternating magnetic field around it. When two or
more coils are magnetically linked to each other, then an alternating current flowing through
one coil causes an induced emf across the other linked coils. This phenomenon is called as
mutual induction.

Lenz's Law:

Lenz's law of electromagnetic induction states that, when an emf is induced according to
Faraday's law, the polarity (direction) of that induced emf is such that it opposes the cause of its
production.

Thus, considering Lenz's law

E =-N (d®/dt) (volts)

The negative sign shows that, the direction of the induced emf and the direction of change in
magnetic fields have opposite signs.
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self inductance L of single coil:

o Consider the figure given below

magnetie |is increasing | is decreasing
- T T T ELLLELER
SORSTREEED (TTTTT LRI
- —
1 | i
W p
i

(@) (v) g

Figure 1. When current increases direction of induced emf is opposite to direction of current (b)
and in case of decreasing current direction of induced emf is same as direction of current

e When we establish a current through an inductor or coil, it generates a magnetic field and
this result in a magnetic flux passing through the coil as shown in figure 1(a).

o If we vary the amount of current flowing in the coil with time, the magnetic flux
associated with the coil also changes and an emf & is induced in the coil.

« According to the Lenz@s law, the direction of induced emf is such that it opposes its

cause i.e. it opposes the change in current or magnetic flux.

e This phenomenon of production of opposing induced emf in inductor or coil itself due to
time varying current in the coil is known as self induction.

e If I'is the amount of current flowing in the coil at any instant then emf induced in the coil
is directly proportional to the change in current i.e.

£ x'l.iﬂ |

L dr

of

) Ldf

¢=—Lo (1)

where L is a constant known as coefficient of self induction.

e If (-dI/dt)=1 then &=L
Hence the coefficient of self induction of a inductor or coil is numerically equal to the
emf induced in the coil when rate of change of current in the coil is unity.
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Now from the faraday's and Lenz @s laws induced emf is

. dag

F=—— 2
d=— «2)
comparing equation 1 and 2 we have,
_dI  dg

L—=—-

dif  dt

or ®=LI

e Again for I=1, @=L
hence the coefficient of self induction of coil is also numerically equal to the magnetic
flux linked with the inductor carrying a current of one ampere
« If the coil has N number of turn€s then total flux through the coil is
Do =ND
where @ is the flux through single turn of the coil .So we have,
Dyor=LI
or L=N®/I

for a coil of N turns
« In the figure given below consider the inductor to be the part of a circuit and current

flowing in the inductor from left to right

a b
e e ek
5000000

1 1l

Rest of the

— gircuit

Figure 2. Inductor as the part of a circuit

o Now when a inductor is used in a circuit, we can use Kirchhoff€s loop rule and this

emf(Self induced emf) can be treated as if it is a potential drop with point A at higher

potential and B at lower potential when current flows from a to b as shown in the figure
e We thus have

Vap=Ldl/dt
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Self induction of a long solenoid:

o Consider a long solenoid of length I, area of cross-section A and having N closely wound
turns.

o If I'is the amount of current flowing through the solenoid them magnetic field B inside
the solenoid is given by,

|
')

e Magnetic flux through each turn of the solenoid is,

NPAT
¢=BAd= #ﬂf—
but,g=LI

Al
So, = £ A4

|
or, coefficent of self induction

N2,
L= #ﬂ—_{ {3)

!
)

Energy in an inductor:

« Changing current in an inductor gives rise to self induced emf which opposes changes in
the current flowing through the inductor.

« This self inductance thus plays the role the inertia and it is electromagnetic analogue of
mass in mechanics.

e So a certain amount of work is required to be done against this self induced emf for
establishing the current in the circuit.

e Inorder to do so, the source supplying current in a circuit must maintain Potential
difference between its terminals which is done by supplying energy to the inductor.

« Power supplied to the inductor is given by relation
P=¢El ---(4)

L is Self inductance and
dl/dt is rate of change of current I in the circuit.
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e Energy dW supplied in time dt would be
dw=Pdt
=LI(dl/dt) dt
=LIdlI

and total energy supplied while current I increases from o to a final value I is

L1 —(5)

e Once the current reaches its final value and becomes steady ,the power input becomes
zero.

« The energy so far supplied to the inductor is stored in it as a form of potential energy as
long as current is maintained.

e When current in circuit becomes zero, the energy is returned to the circuit which supplies
it.

Mutual Inductance

o Consider two coils 1 and 2 placed near each other as shown below in the figure

M
L 1_-/ \\;“4
_ e =
— (=4 —
'8 o I;4'.'.:
1 ?é 3 {:T g 2
= =14
& = o g

Fig: Two coils placed each other

e Let coil 1 be the primary coil and coil 2 be secondary coil

e When current is primary coil changes w.r.t time then the magnetic field produced in the
coil also changes with time which causes a change in magnetic flux associated with
secondary coil

« Due to this change of flux linked with secondary coil an emf is induced in it and this
phenomenon is known as mutual induction

« Similarly change in current in secondary coil induces an emf in primary coild.This way
as a result of mutual inductance emf is induced in both the coils

e If Iy is the current in primary coil at any instant ,than the emf induced in secondary coil
would be proportional to the rate of change of current in primary coil i.e.
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.4l

Sa 0 —

R i

Or

E. =M ﬂ

T ot

Where M is a constant known as coefficient of mutual induction and minus sign indicates
that direction of induced emf is such that it opposes the change of current in primary coil
e Unit of mutual inductance is Henry
e We know that a magnetic flux is produced in primary coil due to the flow of current I;.1f
this is the magnetic flux associated with secondary coil then from faraday's law of EM
induction ,emf induced in secondary coil would be

__d';#:]

£=

Tt
e comparing above equation we get

'35':1 =*H:1IJ

Thus coefficient of mutual induction of secondary coil w.r.t primary coil is equal to
magnetic flux linked with secondary coil when 1 Ampere of current flows in primary coil
and vice-versa

o Similarly ,if I, is the current in secondary coil at any instant then flux linked with primary
coil is

'?5']: = *HJ: ‘T:

where My, is coefficient of mutual induction of primary coil with respect to secondary
coil
e EMF induced in primary coil due to change of this flux is

£=-M, 2

12 -'.’]"f
e For any two circuits
M12=Mz;=M
e In general mutual inductance of two coil depends on geometry of the coils (shape ,size,
number of turns etc),distance between the coils and nature of material on which the coil is
wound

Mutual Inductance of two co-axial solenoids

o Consider a long solenoid of length | and area of crossection A containing N, turns in its
primary coil
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Let a shorter secondary coil having N, number of turns be wounded closely over the central
portion of primary coil as shown below in the figure.

N, ‘ N_ ‘

Fig: Two co-axial solenoids with secondary coil wounded closely over central portions of
primary coil length |
o If I, is the current in the primary coil then magnetic field due to primary coil would be

|

L

e So flux through each turn of secondary coil would be

g = HolVeled

!

L

where A is the area of crossection of primary coil
« Total magnetic flux through secondary coil is

b = pgNpN 1 pd

!
L

e Emf induced in secondary coil is

_déﬂ:’mu.’_i _ — Myl rp‘?'l'ri“{ {ﬂp

Uy
[

dr ! dr
Thus from equation 24
. dl
EF=-M—ZX
- dr
So
pp = M54

!
)

Relation between Mutual inductance and self inductance:

o Consider two coils of same length | and same area of cross-section placed near each other
as shown below in the figure
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8 2 by 3
12 2 gl § 2
1] P - E
E =i = Q
= ) = e
o [“ &

Fig: Two coils placed near each other
o Let there are Ny number of turns in primary coil and N, number of turns in secondary coil
e Acurrent Iy in the primary coil produces a magnetic field

_ Hy Ny Ty
!
which in turns gives rise to flux?

B

¢y = BN, 4
_ Mo Al
[

in primary coil and

¢ = BN 4
_ Ho! [V, 4l

i

]

in the secondary coil due to current in primary coil.
e By the definition of self induction

'?5']1 =I':l‘rl

So 1

_ L, N7 A
/

and by definition of mutual induction

.
La

'?5':1 =*H:1‘T1
So

NN, A
M. = o b

/
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e Reversing the procedure if we first introduce the current I, in secondary coil then we get

e So L, is the self inductance of primary coil,L; is the self induction of secondary coil and
M21=M31,=M is the mutual inductance between two coils

e Product of Ly and L, is
B HININTA®

T T
L.]L.-.—

=M?

hence
J{ = L] .n;l_-.:

e In practice M is always less than eq due to leakage which gives
M

T T
.-||L.]L.:

Where K is called coefficient of coupling and K is always less then 1.

=k

Energy in an Inductor:

When a electric current is flowing in an inductor, there is energy stored in themagnetic field.
Considering a pure inductor L, the instantaneous power which must be supplied to initiate the
current in the inductor is

. é
Jr"—.w—der

so the energy input to build to a final current i is given by the integral

i {
Energystored = | Pdt = |Li'di'= = LI*

0 0

12| —
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Energy in Magnetic Field:
From analysis of the energy stored in an inductor,

|
Energy stored = 5 LI

N
—1
=H /

the energy density (energy/volume) is

I):

ELI_:E { ,h'is"vrg
Al Al

1
¢ 1 . 1 uN*A B¢’
i)

(:

Y B,

irndeiced

so the energy density stored in the magnetic field is

_energy | B_z
volume 2 U
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QUESTIONS OPTION 1 OPTION 2 OPTION 3 OPTION 4 ANSWER
UNIT-IV

Corresponding to Maxwell the unit in SI system is weber Henry Tesla Gauss weber
Lenz's law is a consequence of the law of conservation of energy momentum mass charge energy

Lenz's law does not violate the principle of

conservation of charge

conservation of energy

conservation of mass
conservation of
momentum

conservation of energy

both self and mutual

In SI system of units, Henry is the unit of inductance self inductance mutual inductance inductance inductance
rate of change of rate of change of rate of change of rate of change of rate of change of
Magnitude of induced emf is proportional to current. voltage. magnetic flux linkage |resistance magnetic flux linkage
Alternative current generator is basically based upon amperes law Lenz's law faradays law coulombs law faradays law
In system international, unit of mutual inductance is henry VsA™ Wb both henry and VsA-1 |both henry and VsA-1
Change of current of 1 As”' causes em.fof 1 V to be equal to 1 henry 1 volt/m 1 ampere 1 joule 1 henry
The direction of the induced emf during electromagnetic induction is
determined by Lenz's law Amperes law Maxwell law Faaradays law Lenz's law
The magnitude of induced emf during electromagnetic induction is controlled
by electric field electric flux magnetic field magnetic flux magnetic flux
The knowledge of electromagnetic induction has been used in the construction
of electric motor generator voltmeter galvanometer generator
In alternative current generator, AC current reverses its direction T times per second f times per second once/sec per sec f times per second

resistance of

Induced current depends upon speed with which conductor moves and galvanometer voltage of loop current of loop resistance of loop resistance of loop
Moving a coil in and out of magnetic field induces force potential difference emf voltage emf

Induced current in coil by a magnet turns it into an straight wire magnet ammeter electromagnet electromagnet
Changing current in one coil induces e.m.f in another this phenomena is

known as emf induced emf self induction mutual induction mutual induction
Negative sign of equation of self induction shows that deduce e.m.f. it maintains change it opposes change induced e.m.f it opposes change
Changing current in a coil produces e.m.f in same coil is known as emf induced emf self induction mutual induction self induction
Energy that is stored in an inductor can be represented by (L) "HLP) L(/p) LI (L)

Which of the following circuital elementsstore energy in electromagnetic inductance condenser variable resistor resistance inductance

The emf which produces induced circuit is called as induced emf emf potential difference magnetic flux induced emf

When a magnet is moved towards the coil, galvanometer shows deflection in

one direction

two direction

all direction

rest

one direction

When a magnet is moving away from the coil, galvanometer shows deflection

in same direction all direction rest opposite direction opposite direction
When the magnet is stationary, the galvanometer shows no deflection opposite side deflection |at rest slowly moving no deflection
Coefficeint of self inductance is represented by M V4 H L L
coefficient of self coefficient of self
Self inductance is also called as inductance emf back emf induced e.m.f inductance
coefficient of self
Induced emf is called inductance emf back emf self induction back emf




of a coil is numerically equal to the induced emf when current

in it is changing in unit time inductance emf back emf self induction self induction
of a coil is numerically equal to the emf when rate ofchange of
current in other is unity inductance back emf self induction mutual induction mutual induction
A series RL filter circuit with an output across the inductor will result in what [blocking of a certain passing of the lower passing of the higher blocking of the higher |passing of the higher
type of filtering? range of frequencies frequencies frequencies frequencies frequencies
longer the dlay in longer the dlay in
greater the flux estabilishing steady estabilishing steady

Higher self induction of a coil

lesser its weber turns

lower the emf induced

produced by it

current through it

current through it

Faraday’s law states that the:

irection of the induced
voltage produces an
opposition

emf is related to the
direction of the current

emf depends on the rate
of cutting flux

direction of an induced
current produces an
aiding effect

emf depends on the rate
of cutting flux

What does Faraday’s law concern?

a magnetic field in a coil

a magnetic field cutting
a conductor

a magnetic field in a
conductor

a magnetic field
hystersis

a magnetic field cutting
a conductor

lead between voltage

lag between cause and

lag between voltage and

lead between cause and

lag between cause and

What is hysteresis? and current effect current effect effect
What type of device consists of a coil with a moveable iron core? solenoid armature read switch relay solenoid
reluctance and flux permeability and magnetizing force and |flux density and flux density and
Which two values are plotted on a B-H curve graph? density reluctance permeability magnetizing force magnetizing force
Both the number of turns and core length of an inductive coil are doubled. Its
self-inductance will be unaffected doubled halved quadrupled doubled
produce current produce current
If the current in a conductor increases then according to Lenz'a law self- aid the increasing tend to decrease the opposite to the opposite to the
induced voltage will current amount of current increasing current aid the applied voltage |increasing current
flux density of the rate of changes of flux |rate of changes of flux
The magnitude of the induced emf in a conductor depends on the magnetic field amount of flux cut amount of flux linkages |linkages linkages

cross sectional area of

Mutually inductance between two magnetically coupled coil depends on permeability of the core |number of their turns  |their common core all all
Which of the following is unit of inductance? ohm Henry ampere turns webers/meter Henry
rate of change of rate of change of
magnetic flux linked magnetic flux linked
According to Faraday's second law the magnitude of induced emf is equal to  |magnerising force magnetising flux with the coil intensity with the coil
a periodic emf is unidirectional emf is a periodic emf is
When a coil is rotated in a magnetic field with steady speed no emf is induced produced induced bidirectional produced
1 Tesla= 1 wb- m”. 1 wh/ m’. 1 wb 1 wb/m 1 wb/ m’.
A conductor of length 1 metre moves at right angles to a magnetic field of flux
density 1 Wb / m2 with a velocity of 25 m / s. The induced emf in the
conductor will be 25V 50V 75V 100 V 25V
A magnetic material has a total flux B of 80 micro Wb with an mmf of 160
AT. The reluctance in ampere turn per weber is 2% 10°, 0.2 x10°. 2% 10°, 20 % 107, 2% 10°.
An emf of 16 volts is induced in a coil of inductance 4 H. The rate of change
of current must be 64 A/s 32 Als 16 A/s 4 Als 4 Als
The emf induced in a conductor rotating in bipolar field is DC AC AC and DC both Zero AC
If current in one coil becomes steady then magnetic field lines becomes Zero constant less than before more than before Zero
Production of induced current in one coil due to production of current in
neighboring coil is electromagnetism induction mutual induction steady current mutual induction
Both the number of turns and the core length of an inductive coil are doubled.
Its self-inductance will be unaffected doubled halved quadrupled doubled




A conductor of length 100 cm moves at right angles to a magnetic field of flux
density 1.5 Wb / m2 with a velocity of 50 m / s. The induced emf in the

conductor will be 150 vV 50V 75V 375V 75V
Self inductance of magnetic coil is proportional to N 1/N N~2 1/N~2 NA2
1 Maxwell is the same as 10" weber 10® weber 10" weber 10" weber 10" weber
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Maxwell’s equations and Electromagnetic wave propagation: Equation of continuity of
current, Displacement current, Maxwell's equations, Poynting vector, energy density in
electromagnetic field, electromagnetic wave propagation through vacuum and isotropic
dielectric medium, transverse nature of EM waves, polarization.

Equation of continuity of current:

If we do some simple mathematical tricks to Maxwell's Equations, we can derive some
new equations. On this page, we'll look at the continuity equation, which can be derived

from Gauss' Law andAmpere's Law.

To start, I'll write out a vector identity that is always true, which states that the divergence of

the curl of any vector field is always zero:
V- (V X H) =0

If we apply the divergence to both sides of Ampere's Law, then we obtain:

v(%P . 3)=v (vxH)=0
(22+3)-v-(vxn)

If we apply Gauss' Law to rewrite the divergence of the Electric Flux Density (D), we have

derived the continuity equation:

V-J=_aﬂ
ot
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Equation [3] looks nice, but what does it mean? The left side of the equation is the divergence of
theElectric Current Density (J). This is a measure of whether current is flowing into a volume

(i.e. the divergence of J is positive if more current leaves the volume than enters).

Recall that current is the flow of electric charge. So if the divergence of J is positive, then more
charge is exiting than entering the specified volume. If charge is exiting, then the amount of
charge within the volume must be decreasing. This is exactly what the right side is a measure of -
how much electric charge is accumulating or leaving in a volume. Hence, the continuity equation
is about continuity - if there is a net electric current is flowing out of a region, then the charge in
that region must be decreasing. If there is more electric current flowing into a given volume than

exiting, than the amount of electric charge must be increasing.

Displacement current:

Displacement current, in electromagnetism, a phenomenonanalogous to an
ordinary electric current, posited to explain magnetic fields that are produced by changing
electric fields. Ordinary electric currents, called conduction currents, whether steady or varying,
produce an accompanying magnetic field in the vicinity of the current. The British
physicist James Clerk Maxwell in the 19th century predicted that a magnetic field also must be
associated with a changing electric field even in the absence of a conduction current, a theory
that was subsequently verified experimentally. As magnetic fields had long been associated with
currents, the predicted magnetic field also was thought of as stemming from another kind of
current. Maxwell gave it the name displacement current, which was proportional to the rate of

change of the electric field that kept cropping up naturally in his theoretical formulations.

As electric charges do not flow through the insulation from one plate of a capacitor to the other,
there is no conduction current; instead, a displacement current is said to be present to account for
the continuity of the magnetic effects. In fact, the calculated size of the displacement current
between the plates of a capacitor being charged and discharged in an alternating-current circuit is
equal to the size of the conduction current in the wires leading to and from the capacitor.

Displacement currents play a central role in the propagation of electromagnetic radiation, such as
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light and radio waves, through empty space. A traveling, varying magnetic field is everywhere
associated with a periodically changing electric field that may be conceived in terms of a
displacement current. Maxwell’s insight on displacement current, therefore, made it possible to
understand electromagnetic waves as being propagated through space completely detached from

electric currents in conductors.

Maxwell's Equations:

Maxwell’s equations represent one of the most elegant and concise ways to state the
fundamentals of electricity and magnetism. From them one can develop most of the working
relationships in the field. Because of their concise statement, they embody a high level of
mathematical sophistication and are therefore not generally introduced in an introductory

treatment of the subject, except perhaps as summary relationships.

These basic equations of electricity and magnetism can be used as a starting point for advanced
courses, but are usually first encountered as unifying equations after the study of electrical and

magnetic phenomena.

Symbols Used
E = Electric field p = charge density |i = electric current
B = Magnetic field € = permittivity  |J = current density

D = Electric displacement o = permeability |c = speed of light

H = Magnetic field strength |M = Magnetization [P = Polarization

Integral form in the absence of magnetic or polarizable media:
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I. Gauss' law for electricity

1. Gauss' law for magnetism §§ : d;': =0

I11. Faraday's law of induction E . d_’- — - d{bﬂ
dt
o o7 1 0[a =
IV. Ampere's law Bldl?:“ﬂg_}__za_ E-dA
C [

Differential form in the absence of magnetic or polarizable media:

I. Gauss' law for electricity V- E= £ = 4}1‘}(9

EIJ

I1. Gauss' law for magnetism V7. B — ()

I11. Faraday's law of induction V.}C E = _a_B
ot

drk | OF

VxB=——-J+—5—

IV. Ampere's law C c” ot
_J _LoE
g’ ¢ ot

k = ; — Coulomb's 2 = I
dme,  constant U.E,

Prepared by N.Geetha, Assistant Professor, Department of physics, KAHE. Page 4/19



http://hyperphysics.phy-astr.gsu.edu/hbase/electric/maxeq2.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/maxeq2.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/maxeq2.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/maxeq2.html#c4
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/maxeq2.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/maxeq2.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/maxeq2.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/maxeq2.html#c4

KARPAGAM ACADEMY OF HIGHER EDUCATION

CLASS: 1 BSC PHY COURSE NAME: ELECTRICITY & MAGNETISM
COURSE CODE: 17PHU201 UNIT:V BATCH-2017-2020

here represent the vector operations divergence and curl,

Note: e .
V-E and VxE respectively.

Differential form with magnetic and/or polarizable media:

. Gauss' law for electricity V/ . [) — o,

D=¢gE+P D =g E Freespace
General D=<¢E Isotropic linear
case B dielectric

Il. Gauss' law for magnetism V:-B=0

oB

Il. Faraday's law of induction \/y ' = — ——

ot

IV. Ampere'slaw V' x H = J _|_a_D

ot

B=u,(H+M) p_ u,H Freespace
General B=uH Isotropic linear
case magnetic medium

here represent the vector operations divergence and curl,

Note: e e
V-E and VxE respectively.
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Poynting vector:

The Poynting Theorem is in the nature of a statement of the conservation of energy for a
configuration consisting of electric and magnetic fields acting on charges. Consider a volume V

with a surface S. Then

the time rate of change of electromagnetic energy within V plus
the net energy flowing out of V through S per unit time is equal
to the negative of the total work done on the charges within V.

Consider first a single particle of charge g traveling with a velocity vector v. Let E and B be
electric and magnetic fields external to the particle; i.e., E and B do not include the electric and
magnetic fields generated by the moving charged particle. The force on the particle is given by
the Lorentz formula

F =q(E + vxB)

The work done by the electric field on that particle is equal to qv-E. The work done by the
magnetic field on the particle is zero because the force due to the magnetic field is perpendicular

to the velocity vector v.

For a vector field of current density J the work done on the charges within a volume V is
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[VJ-EdV

For a single particle of charge q traveling with velocity v the above quantity reduces to qv-E.

One form of the Ampere-Maxwell's Law says that

J = (c/4m) V<H — (1/47)(@D/ot)

When the RHS of the above is substituted for J the work done by the external fields on the

charges within a volume V is

(1/47)\V[CE-(VxH) — E-(@D/dt)]dV

There is a vector identity

V.(AxB) = B-(7x4) — A+(7xB)
which can be rewritten as
A(VxB) = [ (AxB)] + B:(I%A)

This means that

E(PxH) = — P(ExH) + H-(PXE)

When this expression is substituted into the expression for the rate at which work is being done

the result is
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\WJ-EdV = (1/47)I[~c V(ExH) — E-(@D/ot) + cH-(VXE)]dV

Faraday's law states that

VXE = —(1/c)(0B/dt)

When Faraday's law is taken into account the previous equation can be expressed as:

\J-EdV = (-1/4m)l\[c V(ExH) + E-(dD/0t) + H-(0B/at)]dV

The total energy density U of the fields at a point is

U= (1/87)(E-D + B-H)

where D=¢E and H=(1/u)B and ¢ and p, called the dielectric and permabiity, respectively, are
properties of the material in which the fields are located. The dielectric and permability are

independent of the location.

This means that
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U = (1/8z)(cEE + (1/)BB)
and thus
(0U/ot) = (1/4x)(cE-(OE/0t) + (1/1)B-(0B/0t))
which is equivalent to
(0U/ot) = (1/4w)(E-(0D/0t) + B-(0H/0t))

The RHS of this latter expression occurs in a previous expression so that

~[\WEdV = [y[(0U/ot) + (c/4m) P(ExH)]dV

It is convenient to define a vector P, known as the Poynting vector for the electrical and magnetic
fields, such that

P = (c/4n)(ExH)

The previous equation then becomes

~[\WJEdV = [\ [(0U/otr) + VP]dV

By Gauss' Divergence Theorem
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[W(7P)dV = Jsn-PdS

where S is the surface of the volume V and n is the unit normal to the surface element dS. The
vector P has the dimensions of energyxtime per unit area. Thus Jsn-PdS is the net flow of energy

out of the volume V.

The above means that work done by the electric and magnetic fields on the charges within a
volume must match the rate of decrease of the energy of the fields within that volume and the net
flow of energy into the volume. The big question is what does the net flow of energy into the
volume correspond to physically. One possibility is that it might correspond to electromagnetic
radiation. The above equation can also be stated as the negative of the work done on the charges
within a volume must be equal to the increase in the energy of the electric and magnetic fields

within the volume plus the net flow of energy out of the volume.

There is a major problem with the Poynting vector P; it is independent of the charges involved. It
is the same whether there is one charge or one hundred million charges, or for that matter, zero
charges. It can change with time but only as a result of the changes in the electric and magnetic
fields.

Usually any difference between the change in energy and the work done is the energy of
radiation. This is what is universally presumed in the case of the Poynting theorem, but the
empirical evidence is that this cannot be so. If the Poynting vector corresponded to radiation then
if a permanent magnet was placed in the vicinity of a body charged with static electricity the

combination should glow and is that is not the case.

The Poynting vector is completely independent of the charges and their velocities in the volume
being considered. In a word it is exogenous. The charges and their velocities are also exogenous.
It is the rate of change of the energy stored in the fields that is endogenous. The Poynting

theorem should read rate of change of energy in the fields = negative of work done by the fields

on the charged particles minus the Poynting vector term.

Prepared by N.Geetha, Assistant Professor, Department of physics, KAHE. Page 10/19




KARPAGAM ACADEMY OF HIGHER EDUCATION

CLASS: 1 BSC PHY COURSE NAME: ELECTRICITY & MAGNETISM
COURSE CODE: 17PHU201 UNIT:V BATCH-2017-2020

However in the case of a permanent magnet and static electric charge the fields cannot change.
Charged particles impinging upon an electric and magnetic field would experience work of them.
The compensating change in momentum and energy would occur in the bodies holding the
electric and magnetic fields. The charged particles hitting the electric and magnetic fields would

induce a reaction as though they hit the magnet and charged body which creates the fields.

The dimensions of the Poynting vector term are energy per unit area per unit time. This is what
would be expected if there were radiation generated in the volume. But the fact that the Poynting
vector is exogenous means that without any charged particles at all being involved there would
be radiation generated. The amount of radiation generated is fixed and no matter how many
charged particles are injected into the volume at whatever velocities the same amount of

radiation would be generated.

So the Poynting vector term apparently does not correspond to radiation. It is a puzzle as to what

it does correspond to but there is no possibility that it corresponds to radiation.

The Differential Form of the Poynting Theorem:

Since the volume element is arbitrary the above equation implies that

@U/oY) + VP = —E-J

The interpretation of the term V-P is also problematical. It has a sign but it does not have a
direction. It also is independent of the charge distribution, in this case J. In another study the case
will be made that V-P is the time rate of change of the energy resulting from the interaction of the

electrical and magnet field
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Energy density in electromagnetic field:

Let us calculate the energy density of electromagnetic field and see how the energy contained in such
field can change in a closed volume.

we have seen that the energy of a collection of charges can be written as follows:

1 .
W, = Efp{erp(de"r
=21 (7 Dlo@dr
=~ @ vo)dr

‘1 el — .
:EJ'E-Dd“r'

where in the penultimate step, we have used the relation
go?-ﬁz?-(guﬁ)—ﬁ-?qa
and converted the integral of the first term on the right to a surface integral by the divergence theorem
and discarded the surface integral by taking the surface to infinity so that the remaining integral is all
over space. The electric energy density can be thus written as
B E.-D eE?

Up = —— = ——

2 2

the last relation being true for a linear electric medium.
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Likewise, the magnetic energy can be written as

1 - @ —
Wﬁ]a.f_?:Ef,q-;djr

1, - =
=§jﬂ-(?xh’)d3r

I ’
= EJ H- (F ® A}dlr
]. — e A
= EJ H - Bd3r
The magnetic energy density is given by

H-B B?
iri = — = —

m 2 2u
the last relation is valid for a linear magnetic medium.

The total energy density in electromagnetic field is thus given by

E-D H-B
Uu=——+—

2 2

Electromagnetic wave propagation through vacuum and isotropic dielectric medium:

In regions of space where there are no charges and currents, Maxwell equations read

V-E=0 (3.1)
V.B=0 (3.2)
VxE= —ﬁ (3.3)
ot
VxB=u.e, oE (3.4)
ot
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They are a set of coupled, first order, partial differential equations for E and B. They can be decoupled by
applying curl to eqgs. (3.3) and (3.4):

B_ 3 9°E

Vx(VXE)=V(V-E)-VE=-Vx22 -2 (VxB)=—p.e 2~ 3.5)
; ( dE | d 2°B .
Vx(VxB)=V(V-B)-VB=Vx| HoEo S = oy = (VXE) =8, = (3.6)
Since V-E=0 and V-B =0 we have
. 9°E
V°E=u,e,— (3.7)
ot~
V'B =_uu£ﬂ£ (3.8)
di”

We now have separate equations for E and B, but they are of second order; that's the price you pay for
decoupling them. In vacuum, then, each Cartesian component of E and B satisfies the three-dimensional
wave equation

2 dJ° .
\i z-uugna_;:f (3.9)

The solution of this equation is a wave. So Maxwell’s equations imply that empty space supports the
propagation of electromagnetic waves, traveling at a speed

1

l{ I[JEEII

c=

=3.00-10°m/s (3.10)

which happens to be precisely the velocity of light, ¢. The implication is astounding: light is an
electromagnetic wave. Of course, this conclusion does not surprise anyone today, but imagine what a
revelation it was in Maxwell's time! Remember how £, and g, came into the theory in the first place:

they were constants in Coulomb's law and the Biot-Savart law, respectively. You measure them in
experiments involving charged pith balls, batteries, and wires—experiments having nothing whatever to
do with light. And yet, according to Maxwell's theory you can calculate ¢ from these two numbers. Notice
the crucial role played by Maxwell's contribution to Ampere's law; without it, the wave equation would
not emerge, and there would be no electromagnetic theory of light.

Transverse nature of EM waves:
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We will now consider the other field components that must accompany the solution we have
found for the electric field. First. we note that with the assumptions we have made so far,
Maxwell's equations can be rewritten in the following time-independent form:

div(eE)=0 (1)
div(pH) =0 (2)
curl(E) = -jop, H (3)
cwl(H)=jme E (4)
2.4-13
Now, our solution has so far contained only an x-component of the electric field. In this
case:
curl(E) = j dE_/dz - k dE_/dy
24-14
Given that E_ = E_, exp(-jkz). we find:
cur(E) = -k E__ exp(-kz) ]
2.4-15

Now, from Equatlon (3) 1n 2.4-13. we must have curl(E) = -joop, H . Hence. the magnetic
field accompanying our solution only has a component in the y-direction. Writing this as:

H=H,. exp(-jkz)

P T

we can obtain the following constant relation between the electric and magnetic field
amplitudes:

H E.= k/op,
2.4-17
The solution therefore really consists of two travelling waves - an electric and a magnetic
component. Both are in-phase. but the field directions are at right angles to each other. We
can represent the complete solution at any given instant in time as in Figure 2.4-2, which
shows the real parts of the two components together. Both exhibit similar cosinusoidal
variations with distance.
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Figure 2.4-2 A plane electromagnetic wave.

Is this solution the only one possible? It would seem reasonable to repeat the analysis,
starting with the assumption that the electric field only has a component in the y-direction.
In this case, we find that if E = E__ exp(-jkz) j. then H = H_, exp(-jkz) i. so the magnetic
field now only has a component in the x-direction. As before, we can find a relation between
the two field amplitudes. This tune, we get:

HE_ =-Kouy,
2.4-18

Apart trom the minus sign, the amplitude ratio 1s as betore.

What happens if we assume instead that the electric field only has a component in the z-
direction? Well. in an isotropic medium, div(eE) = £ div(E). so Equation (1) in 2.4-13 must
reduce to div(E) = 0. Remember that we can expand this as:

dE_/dx + dE /dy + JE /dz =0
' 2.4-19

However, since we have already assumed that dE/dx and dE/dy = 0, it follows that dE_/dx =
dE_/dy = 0. Hence, JE_/dz must be zero, so E_ must be a constant independent of z. We
therefore do not find travelling-wave solutions for E_, and a similar argument can be used to
show that there are no wave solutions for H . Plane electromagnetic waves are therefore
strictly transverse. They are therefore often described as TEM (standing for Transverse
ElectroMagnetic) waves,

Polarization:
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We now consider some of the wider properties of the solutions found so far. beginning with
the important feature of optical polarization. We start by noting that the two independent
travelling wave solutions discussed above can be combined into a more general solution. in
the form:

E=E, exp[i(ot-kz + ¢ )] 1+ E, exp[j(ot-kz + ¢)] ]

where ¢, and ¢, are arbitrary (but constant) phase factors. The nature of the resulting wave
then depends on the values of E_.. E .. ¢, and ¢,. Several combinations are particularly
important.

(1) If ¢, = ¢... the solution can be written as:

E =[E,.i+E, ] expliot-kz + )]
=E, exp[j(wt - kz + ¢)]

In this solution. the direction of the electric field vector is independent of time and space.
and 1s defined by a new vector E;,. which 1s the vectorial sum of E_. 1 and E__ j as shown i
Figure 2.4-3. This type of wave 1s known as a linearly polarized wave. and the direction
of the electric field vector E; represents the direction of polarization. Linearly polarized
light is particularly important in engineering optics. It can be produced from natural light
(which has random polarization) by passing it through a polarizer. More importantly, it 1s
emitted directly by many types of laser.

ﬂE'LHi

—_— e = ===y

-

Fig: Construction of polarization vector
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(i) IfE, =E.. and 0, = ¢, = m/2, the solution can be written as:
E=E,expj(ot-kz+¢)]1+E,exp[j(ot-kz + ¢ =/2)];
Or, alternatively. as:
E=E;(1£]]) exp[j(owt-kz+ ¢)]
Now. ultimately. we are inferested in the real part of E. This is given by:
Re{ E } =E; {cos(wt - kz + 0) 1 + sm(wt - kz + ¢) 1}

In this case. the amplitude of the electric field vector 1s still constant (and equal to E;). but
the direction of polarization is not. Instead. it rotates as a function of space and time. This

solution 1s known as a circularly polarized wave. because the locus traced of the electric
field vector as a function of time (at a given point) is a circle, as shown in Figure 2.4-4a.
Right- and left-hand circular polarizations are both possible. depending on the sign of the
7/2 phase-shift. If E_, # E .. the locus becomes an ellipse. and the wave is described as

being elliptically polm'iiec:l (Figure 2.4-4b).

Figure 2.4-4 Loci of the electric field vector for a) circular and b) elliptic polarization.
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DEPARTMENT OF PHYSICS
I B.SC PHYSICS
ELECTRICITY AND MAGNETISM (17PHU201)
QUESTIONS OPTION 1 OPTION 2 OPTION 3 OPTION 4 ANSWER
UNIT-V
All electromagnetic waves travel through a s.peeds that are | speeds the.it are
vacuum at the same speed. proportional to their  [inversely proportional the same speed.
frequency. to their frequency.

. o both longitudinal and

Electromagnetic waves are longitudinal transverse any form transverse
transverse
parallel to the parallel to the waves  [perpendicular to the perpendicular to the perpendicular to the

The E and B fields in electromagnetic waves are
oriented

wave's direction of
travel, as well as to

direction of travel, and
perpendicular to each

wave's direction of
travel, and parallel to

wave's direction of
travel, and also to each

wave's direction of
travel, and also to each

each other. other. each other other other

An electromagnetic wave is radiated by a . . . .

. . . horizontally and ina  [horizontally and in a
straight wire antenna that is oriented o o .

. . . . direction parallel to the |direction perpendicular .
vertically. What should be the orientation of a |vertically. e e vertically.

. . .. wave's direction of to the wave's direction
straight wire receiving antenna? It should be . .

motion of motion.

placed
An electromagnetic wave is traveling to the

t. At instant at a gi int its E t
eas. on.e instant at a glv.en pom. its : vector| oo down cast south south
points straight up. What is the direction of
its B vector?
Which of the followi tly list mm i . . . . . .

ieh ot the .O owmg.correc Y AISts ga 'a ray's, mlcrowaves,. . radio waves, infrared, |radio waves, infrared, |radio waves, infrared,
electromagnetic waves in order from longest to |ultraviolet, infrared, |ultraviolet, visible . . .

. . gamma rays, ultraviolet [gamma rays, ultraviolet |gamma rays, ultraviolet
shortest wavelength? microwaves light, gamma rays
What is the wavelength of light waves if their . i
) 14 0.60 m 6 m 0.06 mm 0.60 micro m 0.60 micro m

frequency is 5.0X10 " Hz?
How long does it take light to travel 1.0 m? 3.3 ns 3.3 micro s 3.3 ms 33s 3.3 ns
What is th length of a 92.9 MHz radi

o 18 fhe wavelengfh ot a e 32cm 32m 32m 32m
wave?
What frequency are 20 mm microwaves? 100 MHz 400 MHz 15 GHz 73 GHz 15 GHz

. . . . . ith medi d . . ith medi d
Electromagnetic waves travel without medium with medium Wit me lum an in a disturbed path Wik me lum an
without medium without medium

Which one of following have lowest frequency? [radio infrared ultraviolet gamma rays radio




both positive and

Electromagnetic waves ca ositive charge negative charge no charge . no charge
gn Iy p g g g & negative charge g
Which one of following have highest . . . .
radio waves infrared ultraviolet gamma rays radio waves
wavelength?
The coupled fields produce waves o . . .
longitudinal transverse travelling sine travelling

called electromagnetic waves

Ups and downs in longitudinal waves are

compression and

crests and rarefractions

compressions and

crests and troughs

compression and

termed as rarefaction troughs rarefaction

A pendulum bob is a good example of vibration oscillation ventillation periodic motion periodic motion
. . . may increase or

If we increase wavelength frequency would increase decrease remain same Y decrease

decrease

An electro magnetic wave consists of

both electric and
magnetic fields

an electric field only

a magnetic field only

non-magnetic field
only

both electric and
magnetic fields

Wh ded elect tic radiati ir B L .
© PTOpounced eiectio maghetic fadiation Sir Edward James Clerk Maxwell [Christian Huygens Sir Isaac Newton James Clerk Maxwell
theory? Appleton
magnetic field action between a magnetic field action magnetic field action
Electromagnetism is the caused by a permanent and an with a current-carrying |current in the coil with a current-carrying

permanent magnet

artificial magnet

wire

wire

In electromagnetic waves, polarization

is caused by
reflection

is due to the transverse
nature of the waves

results from the
longitudinal nature of
the waves

is always vertical in an
isotropic medium

is due to the transverse
nature of the waves

Electromagnetic Waves are refracted when they

pass into a medium
of different

are polarized at right
angles to the direction

encounter a perfectly
conducting surface

pass through a small
slot in a conducting

pass through a small
slot in a conducting

dielectric constants |of propagation plane plane

In a vacuum, the speed of an electromagnetic  [depends on its depends on its depends on its electric |. . . .
- is a universal constant |is a universal constant

wave constant wavelength and magnetic fields
Most of the effects an electro magnetic wave
produces when it interacts with matter are due to|magnetic field speed frequency electric field electric field
its
When the electric field is perpendicular in the
surface of the earth, what is the polarization of |elliptical vertical horizontal circular vertical
the TEM wave?
When the magnetic field is perpendicular to the
surface of the earth, what is the polarization of |elliptical vertical horizontal circular horizontal
the TEM wave?
When the magnetic field is parallel to the
surface of the earth, what is the polarization of |elliptical vertical horizontal circular elliptical

the TEM wave?




What are the two interrelated fields considered
to make up an electromagnetic wave

an electric field and
a current field

an electric field and
voltage field

an electric field and a
magnetic field

a voltage and current
fields

an electric field and a
magnetic field

A changing magnetic field gives rise to sound field magnetic field electric field nothing in particular  [electric field
. approximately 468 . . . .
At what speed do electromagnetic waves travel Pbr Y approximately 186300 |approximately 300 approximately 300 approximately 300
. million meters per e oo . e
in free space? ft/s million m/s million miles/s million m/s
second
Electric field that lies in a plane perpendicular . o . o . o o L . S
vertical polarization |horizontal polarization |circular polarization |elliptical polarization |vertical polarization
to the earths surface
Electric field that lies in a plane parallel to the . L . L . . . o . S
vertical polarization [horizontal polarization |circular polarization |elliptical polarization [horizontal polarization
earths surface
the physical . . . . . .
. . the physical orientation ... |the physical orientation
. . . orientation of . . D the presence of positive . .
in electromagnetic waves, polarization means . . of electric field in ionization . of electric field in
magnetic field in and negative ions
space space
space
an electromagnetic waves travel in free space, . . . . .
. absorption attenuation refraction reflection attenuation
only one of the following can happen to them
. . |Perpendicular to the .
Parallel to both Perpendicular to both |Parallel to the magnetic P Perpendicular to both

In an electromagnetic wave the electric field is

magnetic field and
the wave direction

the magnetic field and
the wave direction

field and perpendicular
to the wave direction

magnetic field and
parallel to the wave
direction

the magnetic field and
the wave direction

Electromagnetic waves transport

Wavelength

charge

frequency

energy

energy

Prepared by N.Geetha,Assistant Professor,
Department of physics, KAHE.
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| INTERNAL EXAMINATION
ELECTRICITY AND MAGNETISM
Maximum: 50 marks
PART — A (20 x 1=20 Marks)

Answer all the questions:

1.

The unit of Electric flux is .

a) Gauss’s  b)Weber c)Nm?C? d)NC*

The symbol of relative permittivity of a medium
is

a) & b) €0 C) &g d) u

Electric charge enclosed by Gaussian surface is

a0 Db)1l c¢)min d)max

For gauss's law point charges in closed surface must be
distributed

a) arbitrarily b) sequentiallyc) rational d) in line
Gauss's law due to different charge distribution is used to
calculate

a) electric field b) electric charge
intensity d)electric field lines.
Law stated as flux is / g times total charge is

a) ohms law  b) newton's law C) gauss's law
d) coulombs law.

A Gaussian sphere closes an electric dipole within it.
Then the total flux through the sphere is

c) electric

10.

11.

12.

13.

14.

15.

a) half due to a single charge b) double due to a single
charge c) zero d) dependent on the position of the dipole
Electric intensity due to an infinitely long plane sheet of a
conductor at appoint close to its surface is

a) independent of r  b) proportional to 1/r*

c) proportional tor  d) inversely proportional to 1/r
The total electric flux through a closed surface depends
on

a) location of the charge only b) the shape of the
closed surface only  c) the value of the net charge only
d) both charge and shape

Electric field intensity due to an infinite plane sheet of
charge is

a) 6/€p b) q/2¢g c) 6/2¢ d) g/eo

The total flux across a closed surface enclosing charge is
independent of

a) shape of the closed surface b) volume of the enclosure
c) actual spatial argument of charges within the surface
d) all the above

Electric field intensity two charged parallel plate is

a) 0/2¢g b)- o /2¢ c) o/€g d) 0
Electric field intensity outside two charged parallel plate
IS

a) 0/2¢g b) 6 /&g c) infinity d) 0

The total electric flux over any closed surface is

a)eg b)o /e c)ey/ o d) q/ €o

Electric flux lines due to an infinite sheet of charge is



a) converging b) radial ¢) uniform and
perpendicular to the sheet  d) uniform and parallel to

the sheet

16. Which of the following quantities are scalar?
a) dipole moment b) electric force
¢) electric field d) electric potential

17. A dipole is placed in a uniform electric field with its
axis parallel to the field. It experiences
a) only a net force  b) only a torque
c) both net force and torque
d) neither a net force nor a torque

18. Electric potential energy U of two point charges is
a) Q102/4eomr? b) q102/4€qnr ¢) pEsind
d) pEcos6

19. If a point lies at a distance x from the midpoint of the
dipole, the electric potential at the point is proportional
to
a) 1/x* b) 1/x° c) 1x* d) 1/x*

20. The total flux of the electric field E over any closed
surface is equal to
a) 1/eo b) € c) 2/eo d) 1/eo?

PART - B (3 x 2=6 Marks)
Answer all the questions:
21. What are the applications of Gauss theorem?

22. State Gauss theorem.
23. Define electric potential

PART - C (3 x 8=24 Marks)
Answer all the questions briefly:
24. a) State and prove Gauss theorem.

(OR)
b) Apply Gauss law to find the electric field of uniformly
charged sphere.

25. a) Apply Gauss law to find the electric field intensity in a
plane charged sheet.
(OR)

b) Apply Gauss law to find the electric field intensity in a
two parallel plate and on a charged conductor.

26. a) Calculate the electric field from electric potential.
(OR)

b) Define electric dipole. How to obtain potential due to a
point charge?
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