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Syllabus

UNIT CONTENTS

UNIT -I Coulombs law in vacuum expressed in vector forms, 
calculations of electric field E for simple
distributions of charge at rest, dipole and quadruple fields. Work 
done on a charge in an electrostatic field expressed as a line 
integral, conservative nature of the electrostatic field.
Relation between electric field & electric potential (E = - —	V), 
torque on a dipole in a uniform electric field and its energy, flux 
of the electric field, Gauss's law and its application for finding
E for symmetric charge distributions, Gaussian pillbox, fields at 
a surface of a conductor, screening of E field by a conductor.
Capacitors, electrostatic field energy, force per unit area of the 
surface of a conductor in an electric field, conducting sphere in 
a uniform electric field, point charge in front of a grounded
infinite conductor. Dielectrics, parallel plate capacitor with a 
dielectric, dielectric constant,
polarization and polarization vector P, relation between 
displacement vector D, E and P.
Molecular interpretation of Claussius-Mossotti equation, 
boundary conditions satisfied by E
and D at the interface between two homogenous dielectrics, 
illustration through a simple
example.

UNIT-II Force on a moving charge, Lorentz force equation and 
definition of B, force on a straight
conductor carrying current in a uniform magnetic field, torque on 
a current loop, magnetic dipole moment, angular momentum 
and gyromagnetic ratio, Biot and Savart's law, calculation
of H for simple geometrical situations such as Solenoid, Anchor 
ring. Ampere's Law, —×B = μ0J, —.B = 0. Field due to a 
magnetic dipole, free and bound currents, magnetization
vector (M), relationship between B, H and M. Derivation of the 
relation —×M = J for nonuniform
magnetization.

UNIT-III Current Electricity: Steady current, current density J, non-
steady currents and continuity equation, Kirchoff’s laws and 
analysis of multiloop circuits, growth and decay of current in LR
and CR circuits, decay constants, LCR circuits. AC circuits, 
complex numbers and their applications in solving AC circuits 
problems, complex impedance and reactance, series and
parallel resonance. Q-factor, power consumed by an A.C. 
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circuit, power factor, Y and D
networks and transmission of electric power.
Bioelectricity: Electricity observed in living systems, Origin of 
bioelectricity, Sodium and potassium transport, Resting 
potential and action potential, Nernst’s equation, Conduction
velocity, Origin of compound action potential, Neuron structure 
and function, An axon as
cable, Membrane resistance and capacitance.

UNIT-IV E as an accelerating field, electron gun, discharge tube, linear 
accelerator. E as deflecting field
- CRO, Sensitivity of CRO. Transverse B field; 180° deflection, 
Mass spectrograph and velocity selector, Curvatures of tracks 
for energy determination for nuclear particles; Principle
and working of Cyclotron.
Mutually perpendicular and parallel E & B fields; Positive ray 
parabolas, Discovery of isotopes, Elements of Mass 
Spectrographs, Principle of magnetic focusing (lenses).

UNIT-V Electromagnetic induction, Faraday's Laws, Electromotive 
force, Integral and differential forms of Faraday's laws, Self and 
mutual inductance, Transformers, Energy in a static magnetic
field, Maxwell's displacement current, Derivations of Maxwell's 
equations, Electromagnetic field energy density. 
Poynting vector, Electromagnetic wave equation, Plane 
electromagnetic waves in vacuum and dielectric media, 
Reflection at a plane boundary of dielectrics, Fresnel’s Laws, 
Polarization by reflection and total internal reflection, Waves in 
a conducting medium, Reflection and
refraction by the ionosphere..
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Unit – I

Coulomb's law

Coulomb's inverse-square law, is a law of physics that describes force interacting between static electrically 
charged particles. In its scalar form the law is:

F = Ke q1 q2

r2

where ke is Coulomb's constant (ke = 8.99×109 N m2 C−2), q1 and q2 are the signed magnitudes of the 
charges, and the scalar r is the distance between the charges. The force of interaction between the charges is 
attractive if the charges have opposite signs (i.e. F is negative) and repulsive if like-signed (i.e. F is 
positive).

The law was first published in 1784 by French physicist Charles Augustin de Coulomb.

Coulomb's law states that:
The magnitude of the electrostatic force of interaction between two point charges is directly proportional to the 
scalar multiplication of the magnitudes of charges and inversely proportional to the square of the distance 
between them.[12]

The force is along the straight line joining them. If the two charges have the same sign, the electrostatic force 
between them is repulsive; if they have different signs, the force between them is attractive.

Coulomb's law can also be stated as a simple mathematical expression. The scalar and vector forms of the 
mathematical equation are

F = Ke q1 q2

r2

where ke is Coulomb's constant (ke = 8.9875517873681764×109 N m2 C−2), q1 and q2 are the signed 
magnitudes of the charges, the scalar r is the distance between the charges, the vector r21 = r1 − r2 is the 
vectorial distance between the charges, and r ̂21 = r21/|r21| (a unit vector pointing from q2 to q1). The vector 
form of the equation calculates the force F1 applied on q1 by q2. If r12 is used instead, then the effect 
on q2 can be found. It can be also calculated using Newton's third law: F2 = −F1.

Electric field
An electric field is a vector field that associates to each point in space the Coulomb force experienced by a test 
charge. In the simplest case, the field is considered to be generated solely by a single source point charge. The 
strength and direction of the Coulomb force F on a test charge qt depends on the electric field E that it finds 
itself in, such that F = qtE. If the field is generated by a positive source point charge q, the direction of the
electric field points along lines directed radially outwards from it, i.e. in the direction that a positive point test 
charge qt would move if placed in the field. For a negative point source charge, the direction is radially inwards.

https://en.wikipedia.org/wiki/Inverse-square_law
https://en.wikipedia.org/wiki/Physical_law
https://en.wikipedia.org/wiki/Physics
https://en.wikipedia.org/wiki/Electrostatic
https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/Scalar_(physics)
https://en.wikipedia.org/wiki/Coulomb%27s_constant
https://en.wikipedia.org/wiki/Charles-Augustin_de_Coulomb
https://en.wikipedia.org/wiki/Force
https://en.wikipedia.org/wiki/Electric_charge
https://en.wikipedia.org/wiki/Coulomb's_law#cite_note-1785a-12
https://en.wikipedia.org/wiki/File:Coulombslaw.svg
https://en.wikipedia.org/wiki/Scalar_(mathematics)
https://en.wikipedia.org/wiki/Vector_space
https://en.wikipedia.org/wiki/Coulomb%27s_constant
https://en.wikipedia.org/wiki/Newton%27s_third_law
https://en.wikipedia.org/wiki/Vector_field
https://en.wikipedia.org/wiki/Test_particle#Test_particles_in_plasma_physics_or_electrodynamics
https://en.wikipedia.org/wiki/Test_particle#Test_particles_in_plasma_physics_or_electrodynamics
https://en.wikipedia.org/wiki/Point_charge
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Consider a charge placed in a uniform electric field (e.g., the field between two oppositely charged, 
parallel conducting plates). Suppose that we very slowly displace the charge by a vector displacement in a 
straight-line. How much work must we perform in order to achieve this? Well, the force we must exert on 

the charge is equal and opposite to the electrostatic force experienced by the charge (i.e., we must 
overcome the electrostatic force on the charge before we are free to move it around). The amount of 

work we would perform in displacing the charge is simply the product of the force we exert, 
and the displacement of the charge in the direction of this force. Suppose that the displacement vector subtends 
an angle with the electric field . It follows that

Gauss theorem

The surface integral of the normal component of the electric intensity E over a closed surface is equal 
to 1/Îo times the total charge inside it.

where Îo is the absolute permittivity in free space.

Consider a point charge q lying at the center of a sphere of radius R which surrounds it completely. The total 
number of lines of flux originating from the charge is q and are normal to the surface of the sphere. The electric 
field E which equals q/4pÎo r2 is also normal to the surface.

The total number of lines of force passing perpendicularly through the whole surface of the sphere is

q

= ------ newton-meter2/coulomb
Îo

Capacitor
Capacitor is an electronic component that stores electric charge. The capacitor is made of 2 close conductors 
(usually plates) that are separated by a dielectric material. The plates accumulate electric charge when 
connected to power source. One plate accumulates positive charge and the other plate accumulates negative 
charge.
The capacitance is the amount of electric charge that is stored in the capacitor at voltage of 1 Volt.
The capacitance is measured in units of Farad (F).

Capacitance
The capacitance (C) of the capacitor is equal to the electric charge (Q) divided by the voltage (V):

C is the capacitance in farad (F)
Q is the electric charge in coulombs (C), that is stored on the capacitor

http://www.rapidtables.com/electric/electric_charge.htm
http://www.rapidtables.com/electric/farad.htm
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V is the voltage between the capacitor's plates in volts (V)

Capacitance of plates capacitor
The capacitance (C) of the plates capacitor is equal to the permittivity (ε) times the plate area (A) divided by the 
gap or distance between the plates (d):

C is the capacitance of the capacitor, in farad (F).
6 in square meters (m2].
d is the distance between the capacitor's plates, in meters (m).

Capacitors in series

The total capacitance of capacitors in series, C1,C2,C3,.. :

Capacitors in parallel

The total capacitance of capacitors in parallel, C1,C2,C3,.. :
CTotal = C1+C2+C3+...

Energy of capacitor
The capacitor's stored energy EC in joules (J) is equal to the capacitance C in farad (F)
times the square capacitor's voltage VC in volts (V) divided by 2:
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EC = C × VC
2 / 2

Dielectric- insulating material or a very poor conductor of electric current. When dielectrics are placed in 
an electric field, practically no current flows in them because, unlike metals, they have no loosely bound, or 
free, electrons that may drift through the material. Instead, electric polarization occurs. The positive charges 
within the dielectric are displaced minutely in the direction of the electric field, and the negative charges are 
displaced minutely in the direction opposite to the electric field. This slight separation of charge, or 
polarization, reduces the electric field within the dielectric.

The presence of dielectric material affects other electrical phenomena. The force between two electric charges 
in a dielectric medium is less than it would be in a vacuum, while the quantity of energy stored in an electric 
field per unit volume of a dielectric medium is greater. The capacitance of a capacitor filled with a dielectric 
is greater than it would be in a vacuum. The effects of the dielectric on electrical phenomena are described on a 
large, or macroscopic scale by employing such concepts as dielectric constant, permittivity, and 
polarization (see electric polarization).
Parallel Plate Capacitor

The capacitance of flat, parallel metallic plates of area A and separation d is given by the expression above 
where:

= permittivity of space and

k = relative permittivity of the dielectric material between the plates.

k=1 for free space, k>1 for all media, approximately =1 for air.

The Farad, F, is the SI unit for capacitance, and from the definition of capacitance is seen to be equal to a 
Coulomb/Volt.

Capacitance of Parallel Plates
The electric field between two large parallel plates is given by

https://www.britannica.com/science/electric-field
https://www.britannica.com/science/electric-polarization
https://www.britannica.com/science/vacuum-physics
https://www.britannica.com/science/capacitance
https://www.britannica.com/technology/capacitor-dielectric
https://www.britannica.com/science/dielectric-constant
https://www.britannica.com/science/permittivity
https://www.britannica.com/science/electric-polarization
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/capac.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elefie.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/dielec.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/capac.html#c1
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The voltage difference between the two plates can be expressed in terms of the work done on a positive test
charge q when it moves from the positive to the negative plate.

It then follows from the definition of capacitance that

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 Eo. Then this vector will start its functioning and will produce an electric field Ep in the opposite 
direction to that of Eo. The net electric field in the circuit is shown by the figure.

E= Eo – Ep
The electric field Eo in the outside region of the dielectric will be null. Now the equation of the potential 
difference between the plates will be :
V=o (d-t) + Et
But Eo= Er or K
Therefore E= Eo / k
So
V= E o (d-t) + Eot / k
V= E o [d-t+t/k]
As we know

http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elevol.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elewor.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/capac.html#c1
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Eo = /
= Q / A
V= Q / A [d-t+t/k]
Capacitance of the capacitor is shown in the equation below:
C= Q / V= A / (d-t+t/k)
= A /d-t (1-1/K)
I.e. C= A/ d-t (1-1/k) 
So, C > Co

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.

Relation between polarization vector (P), displacement (D) and electric field (E)
the effect on dielectric placed in an external electric field E0 and there will be electric field due to polarized 
charges, this field is called electric field due to polarization (Ep). 
Rewrite equation (1) of that article, that is:

E = E0 – Ep (1)
Polarization vector, P = P is equal to the bound charge per unit area or equal to the surface density of bound 
charges (because surface charge density is charge per unit area),

Thus P = qb/A = σp (2)
Where qb is bound charge and σp is surface density of bound charges.
P is also defined as the electric dipole moment of material per unit volume.

P = np

where n is number of molecules per unit volume.

Displacement vector, D= D is equal to the free charge per unit area or equal to the surface density of free 
charges,

Thus D = q/A = σ (3)

where q is free charge and σ is surface density of free charges.

As for parallel plate capacitor 

E = σ /ε0 (4)
Ep = σp /ε0 (5)
By substituting equations 4 and 5 in equation 1, we get

E = σ /ε0 – σp /ε0

Or ε0E = σ – σ0
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By putting equations 2 and 3 in above equation, we get

ε0E = D – P
or D = ε0E + P
This is the relation between D, E and P.

UNIT-II

Lorentz force, the force exerted on a charged particle q moving with velocity v through an electric E 
and magnetic field B. The entire electromagnetic force F on the charged particle is called the Lorentz force 
(after the Dutch physicist Hendrik A. Lorentz) and is given byF = qE + qv × B.
The first term is contributed by the electric field. The second term is the magnetic force and has a direction 
perpendicular to both the velocity and the magnetic field. The magnetic force is proportional to q and to the 
magnitude of the vector cross product v × B. In terms of the angle ϕ between v and B, the magnitude of the force 
equals qvB sin ϕ. An interesting result of the Lorentz force is the motion of a charged particle in a uniform 
magnetic field. If v is perpendicular to B (i.e., with the angle ϕ between vand B of 90°), the particle will follow a 
circular trajectory with a radius of r = mv/qB. If the angle ϕ is less than 90°, the particle orbit will be a helix 
with an axis parallel to the field lines. If ϕ is zero, there will be no magnetic force on the particle, which will 
continue to move undeflected along the field lines.
Magnetic Dipole Moment
From the expression for the torque on a current loop, the characteristics of the current loop are summarized in
its magnetic moment

.

The magnetic moment can be considered to be a vector quantity with direction perpendicular to the current loop 
in the right-hand-rule direction. The torque is given by

As seen in the geometry of a current loop, this torque tends to line up the magnetic moment with the magnetic 
field B, so this represents its lowest energy configuration. The potential energy associated with the magnetic 
moment is

so that the difference in energy between aligned and anti-aligned is

These relationships for a finite current loop extend to the magnetic dipoles of electron orbits and to the intrinsic 
magnetic moment associated with electron spin. Also important are nuclear magnetic moments.
Torque on a Current Loop

https://www.britannica.com/science/force-physics
https://www.britannica.com/science/electric-field
https://www.britannica.com/science/magnetic-field
https://www.britannica.com/biography/Hendrik-Antoon-Lorentz
https://www.britannica.com/topic/vector-mathematics
https://www.britannica.com/science/field-physics
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magmom.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magfie.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magfie.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magpot.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/orbmag.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/spin.html#c4
http://hyperphysics.phy-astr.gsu.edu/hbase/nuclear/nspin.html#c2
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The torque on a current-carrying coil, as in a DC motor, can be related to the characteristics of the coil by the 
"magnetic moment" or "magnetic dipole moment". The torque exerted by the magnetic force (including both 
sides of the coil) is given by

the current loop in the right-hand-rule direction, the direction of the normal 
to the loop in the illustration. Considering torque as a vector quantity, this can be written as the vector product

Since this torque acts perpendicular to the magnetic moment, then it can cause the magnetic moment to precess 
around the magnetic field at a characteristic frequency called the Larmor frequency.
If you exerted the necessary torque to overcome the magnetic torque and rotate the loop from angle zero to 180 
degrees, you would do an amount of rotational work given by the integral

The position where the magnetic moment is opposite to the magnetic field is said to have a higher magnetic 
potential energy.

Gyration ratio –

the gyromagnetic ratio (also sometimes known as the magnetogyric ratio in other disciplines) of a particle or 
system is the ratio of its magnetic moment to its angular momentum, and it is often denoted by the symbol γ, 
gamma. Its SIunit is the radian per second per tesla (rad⋅ s−1⋅ T−1) or, equivalently, 
the coulomb per kilogram (C⋅ kg−1).
Magnetic Dipole Moment
From the expression for the torque on a current loop, the characteristics of the current loop are summarized in 
its magnetic moment

http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/motdc.html#c5
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magmom.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/torq.html#torq
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magfor.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/tord.html
http://hyperphysics.phy-astr.gsu.edu/hbase/vctorq.html#vvc6
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/larmor.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/rotwe.html#we
http://hyperphysics.phy-astr.gsu.edu/hbase/math/intrigi.html#c3
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magpot.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magpot.html#c1
https://en.wikipedia.org/wiki/Ratio
https://en.wikipedia.org/wiki/Magnetic_moment
https://en.wikipedia.org/wiki/Angular_momentum
https://en.wikipedia.org/wiki/Gamma
https://en.wikipedia.org/wiki/SI
https://en.wikipedia.org/wiki/Radian
https://en.wikipedia.org/wiki/Tesla_(unit)
https://en.wikipedia.org/wiki/Coulomb
https://en.wikipedia.org/wiki/Kilogram
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magmom.html#c2
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.

The magnetic moment can be considered to be a vector quantity with direction perpendicular to the current loop 
in the right-hand-rule direction. The torque is given by

As seen in the geometry of a current loop, this torque tends to line up the magnetic moment with the magnetic 
field B, so this represents its lowest energy configuration. The potential energy associated with the magnetic 
moment is

so that the difference in energy between aligned and anti-aligned is

These relationships for a finite current loop extend to the magnetic dipoles ofelectron orbits and to the intrinsic 
magnetic moment associated with electron spin. Also important are nuclear magnetic moments.

Biot-Savart Law

The Biot-Savart Law relates magnetic fields to the currents which are their sources. In a similar 
manner, Coulomb's law relates electric fields to the point charges which are their sources. Finding the magnetic 
field resulting from a current distribution involves the vector product, and is inherently a calculus problem when
the distance from the current to the field point is continuously changing.

See the magnetic field sketched for the straight wire to see the geometry of the magnetic field of a current

http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magfie.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magfie.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magpot.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/quantum/orbmag.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/spin.html#c4
http://hyperphysics.phy-astr.gsu.edu/hbase/nuclear/nspin.html#c2
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magfie.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elecur.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elefor.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/electric/elefie.html#c1
http://hyperphysics.phy-astr.gsu.edu/hbase/vvec.html#vvc1
http://hyperphysics.phy-astr.gsu.edu/hbase/magnetic/magcur.html#c1
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